OUTSTANDING 
ADVANTAGES 


N@ ABSENCE OF BLOW’: 
HOLES 


@ IMPROVED STRUCTURE 


CONCEMIRICITY OF 
THE @ORED HOLE 


@ IMPROVED 
PROPERTIES” 


@ ACCURACY 
Di 
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MADE BY 


MSKECHNIE 


BROTHERS LIMITED 


BRASS RODS, STAMPINGS, and NON-FERROUS 
INGOT METAL MANUFACTURERS 


ROTTON PARK STREET, BIRMINGHAM 16 Phone: Edg- 
baston 3581 (seven lines), Teleqruma: *McKechnie, Birmingham.” 
LEEDS : Prudential Buildings, Park Row. NEWCAS 
TYNE : 90 Pilgrim St. HOUNSLOW: 67 Dene Ave., Houne- 
low, Middlesex. MANCHESTER : 

509-13, Corn Exchange Buildings, 4. 

Sulphate of Copper and Lithopone 
Works: WIDNES, Lancashire. 


TRUDED RODS € SECTIONS 


VITREOSIL 


IMMERSION HEATERS 


VITREOSIL electric immersion heaters are a pro- 
nounced success but we have encountered many 
users of Pickling and Plating baths who have gas 
installed. They only require to overcome corrosion 
problems so we have developed the VITREOSIL heat 
and acid-proof GAS IMMERSION HEATER. We 
shall be pleased to make recommendations for 
installation. 


THE THERMAL SYNDICATE LTD. 


Head Office and Works Wallsend, Northumberland 
London Depot: 12-14, Old Pye St., Westminster, S.W. | 
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DON’T RUN AWAY 
WITH THE IDEA 


that Edgar Allen & Co. Ltd. 
only make small steel castings ! 


Edgar Allen & Co. Ltd. are in a position to give reasonably 
good deliveries of steel castings in the rough state (i.e. not 
machined), weighing a few cwts. and upwards, and particu- 
larly the heavier castings weighing over 1 ton. @ Send 
enquiries and orders for castings of the following types: 


ELECTRICAL STEEL CASTINGS 

STAINLESS STEEL CASTINGS 
CASTINGS FOR WEARING PARTS 
OF MACHINERY 


Write for the Steel Foundry Book 


To 


EDGAR ALLEN & CO., LTD., 

EDGAR ALLEN & Co. 
Sheffield, 9 

oa) LIMITED, Please post your Steel Foundry 

Book to 

Imperial Steel Works, Sheffield, 9 

@ But they also make small castings down to a few ources | -rccecccccossssssssseeusnsssensnnnneeseennneeensnnnenen 
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TECHNIQUE & EXPERIENCE 
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Here in the High Duty foundry, soundness and reliability of castings is ensured by 
workers of great experience, rigid control—and a technique that is continually 
progressive because the laboratory discoveries of today are routine shop practice 
of tomorrow. These are the reasons why users of Hiduminium* confidently rely 
on the quality of Hiduminium castings, sure in the knowledge that both alloy 
and fabrication are as near perfection as metallurgical knowledge will permit. 
* No metal that is lighter than Hiduminium is as strong, none that is stronger is as light 


ALLOYS 


. OF A DISTRIBUTOR CASING 


HIDUMINIUM 


CASTING IN HIDUMINIUM 


HIGH. DUTY ALLOYS. LTD - SLOUGH 


RELIABILITY 


T.G.S. 


H 
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Light Alloy Treatment 


This illustration shows one of a battery of Incandescent Recirculated 
Atmosphere Furnaces installed at Messrs. Smith’s Stamping Works 
(Coventry) Limited, for the general heat-treatment of light alloys. 
This Unit is typical of many in use throughout the aircraft and allied | 
industries for bar and billet heating prior to forging or drop stamping 
and subsequent heat-treatment; normalising pressings and castings ; 
annealing sheets, etc. Operating temperatures 100 to 700°C. Our 
leaflet No. G/G5. gives full details of construction and equipment. 


| 
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marks the greatest 
advance in our time 


THE NEW SOLUBLE 


CUTTING FLUID 


FOR GRINDING & 
MACHINING ALL METALS 


Sternopal in use on ' 
forming operations. 


STERNOL LTD., FINSBURY S@UARE, LONDON, 
Uj g Telephone: National 7644. Works ond Branch Offices: London, Bradford and 
Telegrams: “Sternoline, Phone, London.” Gla ASgow. 


BRITISH EMPIRE COPPER 


REFINED, ROLLED and DRAWN 
PRESCOT, LANCS. 
IS USED EXCLUSIVELY IN ALL 


As the largest manufacturers of cables for 
electrical purposes in this country, we are 
fully equipped with refining furnaces, rolling 
* oe mills, extrusion presses and complete draw- 


ing plants, capable of producing every 


description of high conductivity copper for 
F electrical purposes. These include, amongst 
others : Round and Rectangular Wires and 
Strands, both plain and tinned ; Commutator 


Bars, Bus Bars and Controller Sections, 
Strips, Sheets, Circles, etc, 


BRITISH INSULATED CABLES LTD. 


PRESCOT, LANCS. Tel. No. : Prescot 6571. 
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alloys for high temperatures 


| 


oa 


Rails and Trays as used in an 
annealing and normalising furnace 
built by the Salem Engineering 
Company Ltd. 


DARWINS 


FINE STEELS 


made by craftsmen | 


DARWINS LTD. | 


FITZWILLIAM WORKS 


| 
SHEFFIELD | 


P.7 


i 
| 
he 
trays for a continuous hardening fur- 
| 
astings, a typical application of = | 
please) for the “Pireks” Book and 
the wall-chart; they. give full parti; 
-tulars of “Pireks” Alloys for high 
| | 
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@ PROGRESS DEPENDS ON MATERIALS 


MAGNESIUM BASE ALLOYS 


MAGNESIUM CASTINGS & PRODUCTS LTD : SLOUGH 


| 9 7 
| 3 
| > 
/ 
| 

° 
way 
in 
i 
| A completely fresh range of possibilities is opened “P for the designe" . 
in almost every industry by the use of Magnuminium™ magnesium 7 
base alloys Freeing him from the limitations of weight because of Be: 
their low specific gravily (1.81) yet high tensile strength (16 tons per F 
sq. they also frequently effect savings production costs by their 
excellent machining and casting characteristics. Magnuminiu™ alloys 
_ developed under strict laboratory conditions — 47° available in the 
| form of sand and die castings forgings stampings and extruded 
and sections, bar, sheet and tube. Expert co-operation in 
their application and fabrication is gladly provided. 
| 
| 
T.GS. 


GIBBONS-KOGAG HIGH 
OVENS AND BY-PRODUCT 


side of a battery of 
Gibbons -Kogag High 
Temperature Ovens 
recently installed to 
the order of the South — 
Durham Steel & 
fron Co. Ltd. 


GIBBON 


= | 
; | | 
| 
| 
SOUT = ew U 4 
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j 


OcToBER, 1939 METALLURGIA 


Detailed view of 30 
Gibbons-Kogag High 
Temperature Coke Ovens 
at Seaton Carew, showing 
self-sealing doors cross- 
over main anc governor 
control, also combined 
pushing and levelling 
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The above illustration shows 
a Patent Gas Fired Furnace 
for heating non-ferrous metal 
Reliable results sought in heat-treating practice depend upon billets for piercing. 
the proper combination of the man, the furnace, and the 
material. Good material is entitled to proper treatment in For all types of burners and 
good furnaces, and both should have the services of good men. sy ~~~ 
No two cases are alike, and no type of furnace has a monopoly A 
on uniformity of heating or economy in operation ; for this THERMIC, 
reason we as specialists, design heat-treatment furnaces to Equipment and Engineering 
suit your particular conditions and products; in this way Se., 
reliable results can be assured, with the utmost economy. PRESTON. 
Me Telephone: - 3782 PRESTON 
Telegrams : - THERMIC 


— 
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Four High Strip 
rolling -non-ferro 


SEND 
FOR 
FURTHER 
DETAILS 


- 


W. H. A. ROBERTSON & C2. BE D ENGLAND 


| 
| 
| 
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- J 4 
3 
_ metal strip up to 24 wide, . equipped 
Mills of this. type ‘supplied for 
maximum rolling speed “up te 
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The design and construction of Kasenit Furnaces 
provides absolute control of all heat-treatment 
processes, including special purpose furnaces 
for all fuels. Furnaces are also designed to 
cater for any specific heat-treatment require- 
ments. 

There is a large range of Kasenit Cyanide 
Furnaces, both standard and special units, and 
in which the special design of combustion 
chamber and burner ensure long pot life. 

This company are the largest manufacturers 
of case-hardening compounds in Europe, with 
30 years’ experience in the manufacture of 
products which have gained an enviable reput- 
ation. 

To maintain that absolute control, as well as 
final quality, which is imperative today, use 
Kasenit No. 6 Repeating Compound. This 
compound is specially manufactured under 
strict control to ensure absolute uniformity 
and is the lightest compound marketed for 
case-hardening, weighing 20lb. per cu. ft. It 
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can be used repeatedly without addition of 
new material; contains no coke, leather, 
anthracite, or bone, and is free from dust. A 
large range of compounds is manufactured, 
catering for the special needs of particular 
processes. 


IS in. dia. x 36in. deep Twin Cyanide Furnaces 
for camshafts. 


A 
B i8in. dia. x 12in. deep. Cyanide Furnace with 
preheater. 
C 10in. dia. x tin. deep. Twin Pot Cyanide 
Furnace with central preheater. 
D 


10in. dia. x I2in. deep. Cyanide furnace suit- 
able for long bars. 


36 in. 
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24 in. 
I2in. Salt 


Bath Furnace 
under Auto- 


maticControl 


HOLYROOD STREET, BERMONDSEY STREET, LONDON, S.E. 1. 


TELEGRAMS: MONOXIDE, BOROH, LONDON 


TELEPHONE: HOP. 0430 
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ate by courtesy of D. Napier & Son Ltd. 


Mlustration shows Oil Sump and Cam Shaft Casing Cover for Napier Dagger Engine 
FOR SAND AND DIE CASTINGS 


ELEKTRON ALUMINIUM 


NORMAL AND HEAT TREATED 


“ELEKTRON” FORGINGS 


STERLING METALS LTD 


? COVE NTRY TELEGRAMS. STERMET, PHONE, COVENTRY 


TELEPHONE COVENTRY 89031 (6 LINES) 


MAGNESIUM ALLOYS gummy 
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CRYSTALLOGRAPHIC 
ANALYSIS METALS 


4 
a 


A “Metrovick ’’ continuously-evacuated X-Ray 
Tube and equipment specially designed for the 
crystallographic analysis of materials. 


It gives information respecting the molecular 


Low Maintenance structure of materials not obtainable by other 
means and is of great use to the industrial 
and research worker. 
° As supplied to many leading university and 
Repair Charges research laboratories throughout the country. 


TROPOLIT 
ickerg 


TRAFFORD PARK «+ MANCHESTER i172. 


C/R gor 


| 
3 


OcToBER, 1939 METALLURGIA 17 


ANNOUNCE 


IRED FURNACES 


For many years BIRLEC furnaces of the electrically- 
heated type have been used with great success in the 


engineering and metallurgical industries. Recent develop- 


; ments in gas-firing methods, particularly the introduction 
of the exceptionally efficient radiant tube heater exclusive 
to BIRLEC, have now made it possible to offer all the 
established advantages of BIRLEC design in the gas- 


heated form. 


These new BIRLEC gas-fired furnaces are available in 
designs suitable for every heat-treatment and work- 
handling requirement. Our advisory service will be 
pleased to’make recommendations and to supply full 
technical information on designs of BIRLEC gas-fired 


furnaces. 


BIRMINGHAM ELECTRIC FURNACES LIMITED 
ERDINGTON BIRMINGHAM 24 
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Precision Ground Bright Steel Rounds 
}” to 4” diameter, to tolerances as 
B.S.S. 32-1935, or as close as 0.0005” 
to customers’ requirements, in Plain 
Carbon and Alloy Steels. 

On War Office, Admiralty, Air 
Ministry, etc., lists. 


BARROW-IN-FURNESS, ENGLAND 


| is 
ag FROM DIAM 
BARROW HAEMATITE STEEL LTD. 


‘NORAL’ ALUMINIUM 


IN THE FRONT LINE OF 


BRISTOL “BLENHEIM”: 
structural element. (‘ Aeroplane’ 


BRISTOL “BOMBA 


THE ROYAL AIR FORCE 


‘Noral’ ‘Alclad’ sheet used for every main 
»hoto) 


j *: “Noral’ ‘Alclad’ sheet is used and extruded sections 
in the wings. (‘ Aeroplane’ photo) 


BLACKBURN “SKUA”’: 
Sections (‘Filieht’ photo) 


HANDLEY PAGE “HAMPDEN”: alloys for skin coverings, main-wing 
R extruded sections and castings. (‘ Aeroplane’ photo 


SHORT “SUNDERLAND”: Fight tons of ‘Alclad’ and ‘Noral’ products 
are used. (‘Flight’ photo) 


SUPERMARINE “SPITFIRE": Another front rank fighter relying on the lightness and strezgth cf * Noral’ alloys. 
(‘Flight’ photo) 


The efficiency and phenomenal speed of modern aircraft are largely due to the great 


development of aluminium alloys that has taken place in recent years. Without 


the lightness and strength of aluminium, without its freedom from corrosion, and 

its exceptional formability, it is doubtful whether the Supermarine ‘Spitfire’ 
could fiy at nearly 4oo m.p.h. or the Bristol ‘Blenheim’ would be the 
formidable bomber it is. 


All the R.A.F. machines illustrated and many others use large quantities of 


‘Noral’ aluminium products in the form of extruded sections, sheet, high- 
strength castings and forgings for airscrews and engine parts. 

The Northern Aluminium Co. Ltd., of Banbury and Birmingham, 
Britain’s largest producers of aluminium alloy products for aircraft con- 
‘ struction, maintains a large research laboratory which is constantly 
constructed of ‘ Norval” ‘ Alclad” sheet and extruded improving the properties of ‘Noral’ aluminium products in order to 


keep pace with the exacting demands of the aircraft industry. 


NORTHERN ALUMINIUM GO. LTD. 


Bush House, Aldwych, London, W.C.2 * Telephone: Temple Bar 8844 


Telegrams: Noraluco, Bush, London . . . and at Banbury, Birmingham, 


Bristol, Coventry, Glasgow, Manchester, Newcastle-on-Tyne and Sheffield. 
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(DEBLANCHAL PATENT No. 432497) 


ROTARY MELTING FURNACE 
’r TRON AND STEEL CASTINGS 


Principal Advantages 


DESIGNED FOR HIGH TEMPERATURE MELTING (1750° C) 
RAPID HEATING AS DESIRED 

ACCURATE CONTROL OF METALLURGICAL ANALYSIS 
EXCEPTIONALLY LOW FUEL CONSUMPTION 
CAPACITIES ONE TO TEN TONS 


We shall be pleased to have your enquiries 


FOFUMI 


EGSON 


FURNACE SPECIALISTS, 


3 
Melbourne Chambers, Cambridge Street, 
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| CASEHARDENING OF LARGE COMPONENTS 


To users of ‘Cassel’ salt bath furnaces, the heat treatment 


of large components presents no difficulty. By the 


THREE — SIX ‘Rapideep’ process, case depths of 0.03” to 0.1” or even 


—— ee deeper can be obtained rapidly and easily. The illustration 
shows a compressor rod being quenched after this treat- 
ment. Booklets describing this and other ‘Cassel’ processes 
will be sent on request, and demonstrations can be arranged at 


Heat Treatment Stations in London, Birmingham and Glasgow. 

Jot 


m IMPERIAL CHEMICAL INDUSTRIES LIMITED 


DEPT. C.@. IMPERIAL CHEMICAL HOUSE, LONDON, S.W.1 


M.91 
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WILLIAM MILLS L™ 
GROVE STREET, 
BIRMINGHAM 18 


Send your enquiries to us for all grades of foundry blackings. 
If you require an exceptionally fine finish we can confidently 
recommend “Carlton ’’ Patent Blacking as being the finest 
foundry blacking obtainab!e. 


HIGH GRADE COAL DUST 


Carefully screened and bagged from the best grades of Durham 
coal, our coal dusts have been supplied to leading foundries for 
many years. We should be glad to send you samples of any 


grists you may require. 
FOUNDRY 
SUPPLIES 


THOMAS 


When ordering 

feundry furnishings 

. let us quote you for 
your next supply, 

: You will find our 


materials ore of the 
catesneno ) & CO.LTD. 
STOCKTON STREET - MIDDLESBROUGH BRITISH ACHESON ELECTRODES Ltd. 


and always keen in 
Telephone: 3719 ‘Grams’ Blacking’ Middlesbrough GRANGE MILL LANE, WINCOBANK, SHEFFIELD 


GRAPHITE 
(Acheson Process) 
FOR ALL TYPES 
OF ARC FURNACES 


The above [0-ton Arc 
Furnace using Acheson 
Graphite Electrodes is in 
operation at Messrs. 
Brown Bayley’s Steel- 
works at Sheffield, by 
whose courtesy we re- 
produce this photograph. 


price 


4 a 2 
4 
4 
ELECTRODE 
FOUNDRY BLACKINGS TRODES 
, > 
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EFCO Furnaces for the Light Alloy Industry 


Typical EFCO vertical forced air circulation furnace for heat treatment of light 
alloy castings. 


We are manufacturers of furnaces for the melting and heat treatment of aluminium and light alloys 
for the production of sheet, strip, extruded sections, forgings, castings, etc., and amongst the users 
of our furnaces are the following Companies: 

James Booth & Co. (1915) Ltd. 


The British Aluminium Co. Ltd. 
Northern Aluminium Co. Ltd. 
Reynolds Ro-ling Mills Ltd. 
Reynolds Tube Co. Ltd. 
Sterling Metals, Ltd. 

J. Stone & Co. Ltd. 

Birmetals Ltd. 


ELECTRIC FURNACE COMPANY LIMITED 
EF¢ O ELECTRIC RESISTANCE FURNACE CO. LTD. 
17 VICTORIA STREET, LONDON, S.W.1 


TELEPHONE ABBEY 4171 (7 LINES) TELEGRAMS ELECTRIFUR, PHONE, LONDON 
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ETHER INDICATING ° 
PYROMETERS 


“Sea Cliff” Brand 


COPPER, BRASS and 
PHOSPHOR BRONZE 


TUBES, SHEETS, RODS and WIRE 


Aldurbra Aluminium-Brass Condenser Tubes, 
Protected under B.N.F. Patent No. 308647—1929, 


Manganese Bronze. Yellow Metal. Naval Brass. Gun Metal. — a 7 
High Conductivity Copper Bars and Strip. ; 
Tia, Lead, Zine and Compo Wire and Seip POPP DOLL LLL LL 
Chill-Cast Phosphor Bronze Bars. . The popularity of this class of instrument is its cwn indication 
Engraving Bronzes, Gilding Metals, and Engraving Brasses. of success. Made in three sizes and covering temperatures 


Phosphor Copper and Phosphor Tin. up to 1,600° C., it is fitted with mirror scales and knife edge 
° ° pointers to enable fine, accurate readings to be taken. Many 
All Wires for Metal Spraying. other exclusive refinements for accuracy are embodied. 


Send for List No. 136. It describes this pyrometer in detail. 


CHaRLes Cuirrord Son Lrp. 


ESTABLISHED 1767. 


* to Admiralty, War Office, Air 
Board, Railway Companies, etc. 


have an international appeal 
knowing no bounds of language. 


They tell their story quickly and convincingly 
—lIf they are good pictures. - 


We have specialised in engineering subjects 
for many years and our artists appreciate 
: the engineers’ outlook. They can put life 
and action into otherwise dull and un- 
interesting photographs in a manner that 
pleases the eye without offending the 
engineers’ sense of correctness. 


- INDUSTRIAL ART For your next photographs and drawings 


of machines, plant etc., consult, without 


SERVICES LTD obligation, 
21, ALBION ST. 
GAYTHORN INDUSTRIAL ART SERVICES LTD 
MANCHESTER. 


cad Telephone CEN 2574 


T Mark pe 
rade 
| LIMITED-TYBURN RD- BIRMINGHAM 
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ELECTRIC 
BILLET HEATING 


on 


~ 


at the works of 
MESSRS. 


REYNOLDS TUBE CO. 
LIMITED, 


BIRMINGHAM 


THE furnace illustrated, which we believe to be the largest of its 


type in the world, accommodates billets up to 20” diameter x 48” 
long and gives an output of 6,600 Ibs. per hour. Most of the firms 
in the light metal industry use our furnaces and whether you require 
a box-type unit or a large mechanically operated furnace, you can be 
certain of getting the most efficient and economical equipment if 
you order from us. 


G.W.B. ELECTRIC FURNACES LTD. 


GIBBONS - WILD - BARFIELD 


BELGROVE HOUSE, BELGROVE STREET, LONDON, W.C. I. 
SPECIALISTS IN FURNACES FOR THE LIGHT METAL INDUSTRY 


Proprietors: Gibbons Bros. Ltd., Dudley, & Wild Barfield Electric Furnaces Ltd., London 
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The other... 
To keep your mind 
(and thus the 
country’s trade) on 

an even keel, To 

continue to 

support the Trade 
Journals and urge 
others to do the same (actually you save no money 
by a temporary “black-out of your existence in 
failing to maintain your proper place”’ in this 
Journal and others). To spend all you can afford 
with local Tradespeople — thus helping also the 
larger Industries. To keep yourself fit by seeking 


re-creation in the Open air — thus maintaining that 
National cheeriness which is the backbone of 
Britain — and highly infectious at that. 


The one... 
y . To panic about the 
e future state of 
o business. To cut 
© down everybody’s 
profit except your 
7 own. To cancel all 
your advertising in 
the Trade Journals 
¢ and thus assist in 
throwing thousands 
s of Printing Employees out of 
4 work. To refuse to order a new suit —to grumble 
e thoroughly about. the black-out, petrol rationing, 
A etc., to prophesy every possible disaster you can 
think of including plague, pestilence and famine.” 
e 
REYNOLDS TUBE CO. LTD. - 


These furnaces, supplied for high output and continuous duty 
in carburising and reheating, are fitted with metal recuperators, 

together with many special devices for ease of handling the great 
output of which they are capable. Furnaces can be supplied with 
one-point and completely automatic temperature control. 
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BRAYSHAW FURNACES 
AND TOOLS LTD. 


BELLE VUE WORKS, MANCHESTER, 12 


W G ON” 
TWO WAYS OF “CARRYIN N 
> 
& 
e 
° 
e 
REYNOLDS ROLLING MILLS LTD. e 
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The British Journal of Metals 


(Imconronatine THE MuraLLURGICAL ) 


* The source of all matter extracted from this Journal * 
must be duly acknowledged; it is copyright. 


Contributions suitable for the editorial pages are invited. Photographs 
and drawings suitable for reproduction are welcome. Contributions 
are paid for at the usual rates. 


PRINCIPAL CONTENTS IN THIS ISSUE: 


Page | Page 
Continuous- and Batch-Type Bright- Aluminium and Water 
Annealing Plant at Arthur Lee Power “s 209-210 
and Sons, Ltd. .. .. .. .. 195-196 | The early struggles in the "production 
Development in the iron and steel of aluminium and its adaptation to the 
industry in recent years has not been arts and crafts have probably been for- 
confined to the installation and recon- gotten or overlooked, and in the Autumn 
struction of heavy plant, it has included Lecture of the Institute of Metals Mr. 
Y P 
equipment for improving detailed opera- W. Murray Morrison describes the 
tions, and in this article reference is establishment and subsequent growth of 
made to the main features of a heat- the industry in Scotland, which are 
treatment installation now in operation. ‘ briefly referred to in this article. 
Manganese. .. 197-198 nodic Coating of Aluminium Alloys 210-211 
; esigned to determine what becomes © 
Industry and Supplies Control... .. = the various elements and constituents of 
Pig-Iron Grading Scheme te fe ee 200 | aluminium alloys when they are anodic- 
Sorby — The Originator of Metal- | ally oxidised. 
lography. By a Special Con- Reviews of Current Literature 212 
tributor .. . . 201-202 | Elastic Properties of Cast Iron... .. 213-214 
pe — is entitled ‘to the eredit of A new method of measuring the deflection 
ing the founder of metallography, of cast-iron test-bars under transverse 
although his early work on the subject loading is described, by which measure- 
remained almost unnoticed for about ment of deflection under interrupted 
twenty years, during which time other loading can be continued to the breaking 
workers carried out similar work. He point of the bar. 
placed in the hands of metallurgy a new Metals tn 
and most valuable method of scientific ETCEOR =O etals in osphorus- 
investigation, and in this article some of Producing Plant .. 214 
his work is briefly discussed. Recent Developments in Materials, 
Industrial Management and Produc- Tools and Equipment 215-216 
tion Control. Part X.—Planning sees 
Automa - 
By F. L. Moyenburg .. 506-008 O. G. Pamely-Evans, B.Sc., A.L.C, 217-218 
Planning and progressing were ‘defined Th 
in the article published in the last issue ; of heat - 
in the present article an example of furnaces of the automatic type does not 
planning a rod and bar mill is given, and pe pe a ~ the quality of the 
various influences on the planning work Smee ~ * ts. Such furnaces do not 
work are discussed, The actual work of / 
the planning and progressing organisa- 
trations. | ‘ 
Raw Materials in Germany’s Iron and Bu: N 219 
Intensive efforts have fo Control and Maximum Prices in the 
exploit Germany's domestic iron and ore Iron and Steel Industry . 220-221 
resources i" order to increase her pro- The prices scheduled for iron and steel 
duction of iron and steel during the last are, with few exceptions, similar to those 
but stabilised before the war. 
Aluminium Control 222 


foreign ores. 
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“MAURETANIA™ 
“QUEEN MARY’ 
“QUEEN ELIZABETH" 


Bie exceilent high temperature properties 
of NETTLE 42/44°,, alumina firebricks are 
widely known and appreciated. Their relia- 
bility, in the field of marine engineering, for 
instance, is plainly demonstrated in that they 
are already in use on the * Queen Mary,”’ and 
the * Mauretania,’’ and are on order for the 
* Queen Elizabeth.” 


SEGMENTAL 


appeal to the production eu TTING 


engineer because : 


(|) They give more cuts 
per grind 


(2) Cutting times are re- 

duced to an absolute 

i minimum on all 
classes of metal. 


(3) Of the easy inter- 
changeability of 
segments. 
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Continuous and Batch Type Bright- 
Annealing Plant 


Installations at Arthur Lee & Sons, Ltd. 


Development in the iron and steel industry in recent years has not been confined to the installation 
or reconstruction of heavy plant ; it has included equipment for improving detailed operations, and in 
this article reference is made to the main features of a heat-treatment installation now in operation. 


ECHANICALLY, the advances 
M made in the production of iron and 
steel in recent years has been of a 
high order. Plants have grown larger and 
more efficient, and better co-operation is 
displayed between the various departments 
of particular works. But while much 
attention has been directed to heavy 
plant, new and modern equipment for 
detailed operations involved in the pro- 
duction of semi-finished materiais has not 
been overlooked. An instance of this kind 
is the steel undertaking of Arthur Lee and 
Sons, Ltd., whose manufacturing organisa- 
tion, started over 70 years ago, now covers 
30 acres of land. As a result of various 
extensions and modernisation carried out 
from time to time, the company’s mills 
are equipped with the latest design of 
plant for the manufacture of bright bars 
and wires of diameters from 3 in. down to 
hair thickness, and flat wire and strip from 
ay in. up to 30 in. wide. 
Among the most recent extensions is a 


new mill at the Meadow Hall Works, Fig. 1.—General view of the G.E.C. continuous roller hearth furnace for 


where, in addition to hot-rolling mill plant, 
a comprehensive installation of electric 
furnaces has been laid down for the heat-treatment, princi- 
pally bright annealing, of cold- and hot-rolled steel strip. 
These furnaces comprise a large unit of the continuous roller 
hearth type and four vertical cylindrical units of the 
Grunewald type, the whole plant having been supplied by 
the General Electric Co., Ltd., and manufactured at the 
company’s Fraser and Chalmers Engineering Works. There 
are several interesting features about this installation 
worthy of reference here. 


Continuous Roller Hearth Furnace 


The continuous roller hearth furnace, shown in Fig. 1, 
has been in regular operation for over twelve months, and 
is giving very satisfactory service. This furnace is designed 
for the continuous bright annealing of cold-rolled strip, and 
also for the normalising and descaling of hot-rolled strip in 
lengths. It is suitable for operation at temperatures up to 
1,000° C., and the normal output is 15 ewt. per hour. The 
whole equipment is ruggedly constructed in steel plate and 
structural steel. The internal width is 2 ft., and the overall 
length 114 ft., which includes charging and discharging 
tables, heating chamber, entrance and exit vestibules, and 
cooling chambers. 

The furnace is designed for use with an atmosphere of 
hydrogen and nitrogen, which is obtained from cracked 


bright annealing, as seen from the charging end. 


and burnt ammonia, an I.C.I. plant of the regenerative 
type being employed, seen on the left of Fig. 2. The 
furnace is gastight jointed throughout, and special features 
are incorporated in the vestibules to reduce the end losses 
to a minimum. 

The heating elements are arranged in the roof and in 
the hearth of the heating chamber, which is effectively 
insulated to minimise heat loss. The elements are arranged 
in three independently controlled zones, connected to a 
low-voltage supply from step-down transformers on a 
6,600-volt three-phase 50-cycle system. They are con- 
structed from the highest grade nickel-chrome strip, wound 
in sinuous form. 

Each heating zone is provided with automatic tempera- 
ture control gear, the equipment comprising three 
Cambridge direct deflectional-type regulators, together with 
push-button control switches, red and green pilot lamps, 
time switch, and the like, all mounted on the front of a 
floor-fixing cubicle. The temperature control instruments 
give a clear indication of the temperature, and are capable 
of being preset to suit particular requirements. 

A roller hearth is provided throughout the whole length 
of the furnace, and is capable of being driven over a speed 
range of 12 : 1, thus enabling the same output to be obtained 
with different thicknesses of strip. The roller hearth is 
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Fig. 2.--Regenerative gas producer for the continuous 
bright annealing furnace. 


divided into sections, each of which is connected by a 
fixed reduction gear unit to a main-line shaft running 
underneath the furnace. The lineshaft is driven by a 74 h.p. 
G.E.C. squirrel cage motor through variable speed reduction 
gearing. The rollers in those parts of the furnace subjected 
to heat are made of special nickel-chrome alloy ; elsewhere 
they are of mild steel. The roller bearings and the chains 
are provided with automatic lubrication throughout ; the 
lubricating points are fed by gravity from a tank situated 
well above the furnace, and the oil on its return is sent 
back to the feed tank by a small rotary pump driven from 
the main lineshaft. 

The cooling sections are divided up into units, each 
having a separate water supply ; this enables the amount 
of cooling water passing through the chambers to be 
adjusted to the requirements of the particular section, The 
switchgear is robustly designed, and the whole of the 
contactor gear is enclosed in a steelplate case provided with 
deors giving front access. 


Grunewald Batch Type Furnaces 
The batch type annealing plant comprises four G.E.C, 
vertical cylindrical Grunewald electric furnaces, with 
automatic temperature control gear and a number of 


Fig. 3.—One of the G.E.C. (Grunewald type) bright 
annealing furnaces, with automatic control gear and 
annealing pots. 
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Grunewald bright annealing pots. One of these furnaces, 
seen in Fig. 3, is of particular interest, in that it was the 
first installation of its kind in Great Britain for the bright 
annealing of steel. Since its installation, two repeat orders 
have been carried out for Arthur Lee and Sons, Ltd., and 
many similar equipments have been supplied to other 
steelworks for this class of work. 

Each furnace has an electrical rating of 88 k.w., and has 
several interesting features which are peculiar to the 
Grunewald process. Without describing this process in 
detail, it may be pointed out that the most important of its 
features are the very effective method of sealing the pots 
and the precise temperature control obtained. Further, 
the charge is suspended from the underside of the pot 
cover and is not supported by the pot envelope, which is 
consequently made of thin, heat-resisting alloy of com- 
paratively low thermal capacity, resulting in a high overall 
thermal efficiency. Each pot is sealed by a rubber ring, 
which is cooled from the outside by a trickle of water. 

The automatic temperature control gear enables the 
furnace automatically to maintain any desired temperature 
within narrow limits. The whole of this equipment is 
carried on a polished panel, and comprises a Cambridge 
direct deflectional type controller working from a thermo- 
couple situated on the furnace, together with pilot lamps 
and switch and fuses for the control circuit. 

Incorporated in the controller is the necessary mechanism 
for tilting a small mercury switch which makes and breaks 
the contactor-coil circuit, a red pointer being provided for 
setting purposes. A time switch is included which switches 
the furnace on or off automatically at any pre-determined 
time. An additional indicating pyrometer is provided on 
the control panel; this works from a _ thermo-couple 
situated in the middle of the charge in the pot, thus indicat- 
ing the temperature of the charge. 

The switchgear consists of a pedestal-mounting oil switch 
and an air-break contactor, the latter being mounted in the 
steel cubicle previously mentioned. The contactor, in 
this particular instance, cuts in and out a portion of the 
load just before the set temperature is reached—thus 
avoiding any over-shooting of the set temperature. 

The determining factor in the installation of these 
furnaces was the quality of the work produced, and in this 


‘respect they have fully justified themselves. Moreover, 


they have proved an economic proposition, considered on a 
combined time-and-fuel basis. Each pot takes a charge of 
approximately 30 cwt., the time of treatment being 6 hours, 
as against the 24 hours required with the standard method. 

We are indebted to Arthur Lee and Sons, Ltd., for per- 
mission to publish this description with the accompanying 
illustrations. 


Comparative Investigations on the 
Hardening Capacity of Chrome- 
Molybdenum Heat-treatable Steels 


IX chrome-molybdenum steels of various analyses 
were delivered by five special steelworks as forged 
rods for investigation by Anton Pomp and Alfred Krisch. 
They were heat-treated, partly in oil, partly in water, to 
various tensile strengths between 47-5 and 79-5 tons per 
sq. in., thus forming 15 different products, each of two to 
three different dimensions. Brinell hardness tests at the 
surface and over the section of the rods, tensile and notch- 
bar impact tests have been carried out and the results are 
given in tables and graphs. They can be summarised as 
follows :—Low alloy steels had mechanical properties of 
sufficient uniformity only up to a limited diameter, whilst 
high-alloy steels showed good capacity to be hardened 
throughout up to the highest investigated diameter of 6 in. 
The derivation of the tensile strength from hardness 
figures on the surface is uncertain, but the ratio between 
tensile strength and hardness over the section has been 
found to be 0-35 and 0-34 respectively. 
Mitteilungen aus dem Kaiser-Wilhelm-Institut fiir 
Eisenforschung in Diisseldorf. Vol. 20, No. 9. 
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Manganese 


A Key Metal in 
the Manufacture of 
Iron and Steel 


ANGANESE deserves first place in the order of 
M importance of the steel-alloying metals. Over 90°, 

of the consumption of this metal enters into steel 
manufacture, for which it may be regarded as indispensable. 
In the production of iron and steel, manganese assists the 
manufacturing process, or it is used as an alloy to impart 
special physical properties to the finished steel. Small 
amounts of manganese are also used in the manufacture of 
certain non-ferrous metals, but in the manufacture of iron 
and steel it can be regarded as a key metal. An abundance 
of statistical data and detailed information on manganese 
ore are presented in a publication issued by the Imperial 
Institute. 

There has been a definite tendency of recent years to raise 
the manganese content of carbon steels, this giving increased 
tensile strength without significant loss of ductile properties, 
and with gains in both normal and heat-treated steels. 
But the carbon and manganese contents need careful 
proportioning, according to the purpose of the final product 
and the heat-treatment the steel may be given. 

The term “ manganese ore ”’ is given to those ores from 
which high-grade ferro-manganese can be made, and 
“ manganiferous iron ore ’’ is the name given to designate 
those ores which are suitable only for making low-grade 
ferro-manganese and spiegeleisen. 

This book* points out that manganiferous ores are 
generally classified as (a) iron ores, containing less than 
5% manganese ; (6) manganiferous iron ores, containing 
5 to 40°, manganese ; and (c) manganese ores, containing 
not less than 40°, manganese. But this leads to the 
possibility that a manganiferous iron ore could possibly 
contain more manganese than iron. In 1909, Sir L. L. 
Fermor proposed a classification that would avoid that 
difficulty, and which is applicable to all ores with over 50% 
of Mn plus Fe. This was— 


Manganese ores ............. 40-60% Mn  0-10% Fe 
Ferruginous manganese ores .. 25-50% Mn 10-30% Fe 
Manganiferous iron ores ..... 5-30% Mn 30-65% Fe 
0- 5% Mn 45-70% Fe 


The United States Bureau of Mines adopted the following 
classification in 1918 :— 

Manganese ore, containing more than 35% Mn. 
Ferruginous manganese ore, containing 10 to 35% Mn. 
Manganiferous iron ore, containing 5 to 10% Mn. 

Manganese is similar to iron in that it is dissolved out of 
the crystalline rocks in which it is present, and is re- 
deposited as an oxide, hydroxide, or carbonate. The 
primary deposits are generally composed of silicate minerals 
and are only of economic importance when decomposed 
by ground water in the course of tropical weathering—good 
examples of which are those in India, Brazil, and the Gold 
Coast. The secondary deposits may be either residual or 
sedimentary. These commonly contain pyrolusite, psilo- 
melane, manganite, braunite, and wad. Pyrolusite (MnQ,) 
has the highest metal content of the commoner manganese 
ores. It is formed at or near the surface of the earth under 
strongly oxidising conditions. When pure it contains 
63-2, Mn. 

Psilomelane is a manganese oxide, usually regarded as 
colloidal MnO,, and contains varying amounts of barium, 
potassium, sodium oxides, and water. It occurs in massive 
forms, generally at or near the surface of the earth, and has 
a manganese percentage between 45 and 60. 

Braunite is usually crystalline, although also found in 
massive formation, contains about 62°, manganese and 
with silica content that may be as high as 8-10% 
(3MnMnQ,. MnSiOs,). 


Kensington, London, 8.W.7. 3s. 6d, net. 
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Manganite is the grey manganese ore (Mn,O,.H,0), 
occurring in prismatic crystals, and in columnar and 
stalactitic forms. When pure it contains 62-4°% Mn, but 
is not so stable as pyrolusite under oxydising conditions. 

Wad is an amorphous earthy mixture of composition 
that varies, but consists in the main of manganese oxide 
and water, with some oxide of iron and other impurities. 
It is also known as “* bog manganese.”’ 

The chemical properties of the pure manganese (99 -99°%, ) 
are very similar to those of iron. It oxidises readily, and 
undergoes allotropic changes at high temperatures, the 
a—) transformation occurring at about 740°C. and the 
b-y transformation at 1,150°C. Most of the manganese 
used in the metallurgical industries is taken for the manu- 
facture of carbon steels and for special high-manganese 
steel alloys, and smaller quantities are consumed in foundry 
work, 

Manganese is indispensable in the actual manufacturing 
process, acting as a deoxidiser and a desulphuriser ; the 
combination of manganese with oxygen assists freedom 
from iron oxide and prevents blowholes, whilst the 
manganese-sulphur combination prevents red-shortness 
that would result from the formation of iron sulphide. 
Other advantages are that it gives rise to a more fluid 
slag than when silicon and/or aluminium are used as 
deoxidisers and the remaining unoxidised manganese 
remains in the steel and tends to increase the elastic limit, 
this applying both to cast and forged products. It also 
raises the temperature to which the steel can be heated 
without impairing its strength. It is safe to say that no 
other element available as a commercial proposition can 
equal the functions of manganese in steel production : 
certainly not with the same efficiency and economy. 

Ferro manganese, with its high manganese content, is 
mainly employed in the manufacture of steel in preference 
to the other manganiferous alloys. Manganese steel was 
developed by Sir Robert Hadfield in 1883, and is an alloy 
of iron with about 12° Mn and 1-25°, C. It has a tensile 
strength of 60 to 70 tons per sq. in. when suitably treated, 
and is greatly toughened by quenching. Elongation is no 
less than 50 to 70%. Its resistance to abrasion is one of its 
most remarkable properties. 

In the heat-treated condition, steels that contain from 
0-35 to 04°, C and about 1-5°% Mn are used for the 
replacement of carbon steels, and a combination of nickel 
and manganese (1-0-1-25°, Mn and 1-0-1-75°, Ni) not 
only gives even better properties, but greater freedom from 
the effects of mass in heat-treatment. 

Reverting to the question of steel production, it is 
interesting to compare the position in the U.S.S.R. where 
the amount of manganese ore used for each ton of steel 
produced has been much larger than in the case of other 
steel-producing countries. This is understood to be due to 
the fact that the iron ores are unusually low in manganese ; 
the abnormally high sulphur content of the coke from the 
Donetz basin, and the definite trend in the U.S.S.R. to make 
use of manganese steels in place of more expensive alloy 
steels that demand the importation of ferro-alloy metals. 
The Soviet also appear to have adopted a policy of increasing 
the manganese content of the pig iron in order to reduce 
the consumption of ferro-manganese in the subsequent 
conversion to steel. 

In the non-ferrous field, the best-known uses of man- 
ganese are as additions to aluminium to increase its hard- 
ness, tensile strength, and corrosion resistance ; and to 
magnesium-aluminium alloys, such as Birmabright and 
MG7 to increase the yield strength and corrosion resistance 
of the wrought material, It is claimed that the presence 
in nickel of up to 4-6°, Mn results in increased strength, 
hardness and toughness, with little reduction in ductility ; 
and that the same advantages are found when it is added 
to nickel-copper alloys. Monel metal contains 1-2°, Mn, 
and K. Monel 0-5°, Mn. There is, of course, also a large 
market for manganese in industries other than the strictly 
metallurgical, 


*By A. W. Groves, D.Sc. Second Edition. The Imperial Institute, South 
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Fig. 2._-Regenerative gas producer for the continuous 
bright annealing furnace. 


divided into sections, each of which is connected by a 
fixed reduction gear unit to a main-line shaft running 
underneath the furnace. The lineshaft is driven by a 74 h.p. 
G.E.C, squirrel cage motor through variable speed reduction 
gearing. The rollers in those parts of the furnace subjected 
to heat are made of special nickel-chrome alloy ; elsewhere 
they are of mild steel. The roller bearings and the chains 
are provided with automatic lubrication throughout ; the 
lubricating points are fed by gravity from a tank situated 
well above the furnace, and the oil on its return is sent 
back to the feed tank by a smail rotary pump driven from 
the main lineshaft. 

The cooling sections are divided up into units, each 
having a separate water supply ; this enables the amount 
of cooling water passing through the chambers to be 
adjusted to the requirements of the particular section. The 
switchgear is robustly designed, and the whole of the 
contactor gear is enclosed in a steelplate case provided with 
doors giving front access. 


Grunewald Batch Type Furnaces 
The batch type annealing plant comprises four G.E.C. 
vertical cylindrical Grunewald electric furnaces, with 
automatic temperature control gear and a number of 
Fig. 3.—One of the G.E.C. (Grunewald type) bright 


annealing furnaces, with automatic control gear and 
annealing pots. 
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Grunewald bright annealing pots. One of these furnaces, 
seen in Fig. 3, is of particular interest, in that it was the 
first installation of its kind in Great Britain for the bright 
annealing of steel. Since its installation, two repeat orders 
have been carried out for Arthur Lee and Sons, Ltd., and 
many similar equipments have been supplied to other 
steelworks for this class of work. 

Each furnace has an electrical rating of 88 k.w., and has 
several interesting features which are peculiar to the 
Grunewald process. Without describing this process in 
detail, it may be pointed out that the most important of its 
features are the very effective method of sealing the pots 
and the precise temperature control obtained. Further, 
the charge is suspended from the underside of the pot 
cover and is not supported by the pot envelope, which is 
consequently made of thin, heat-resisting alloy of com- 
paratively low thermal capacity, resulting in a high overall 
thermal efficiency. Each pot is sealed by a rubber ring, 
which is cooled from the outside by a trickle of water. 

The automatic temperature control gear enables the 
furnace automatically to maintain any desired temperature 
within narrow limits. The whole of this equipment is 
carried on a polished panel, and comprises a Cambridge 
direct deflectional type controller working from a thermo- 
couple situated on the furnace, together with pilot lamps 
and switch and fuses for the control circuit. 

Incorporated in the controller is the necessary mechanism 
for tilting a small mercury switch which makes and breaks 
the contactor-coil circuit, a red pointer being provided for 
setting purposes. A time switch is included which switches 
the furnace on or off automatically at any pre-determined 
time. An additional indicating pyrometer is provided on 
the control panel; this works from a _ thermo-couple 
situated in the middle of the charge in the pot, thus indicat- 
ing the temperature of the charge. 

The switchgear consists of a pedestal-mounting oil switch 
and an air-break contactor, the latter being mounted in the 
steel cubicle previously mentioned. The contactor, in 
this particular instance, cuts in and out a portion of the 
load just before the set temperature is reached—thus 
avoiding any over-shooting of the set temperature. 

The determining factor in the installation of these 
furnaces was the quality of the work produced, and in this 


‘respect they have fully justified themselves. Moreover, 


they have proved an economic proposition, considered on a 
combined time-and-fuel basis. Each pot takes a charge of 
approximately 30 cwt., the time of treatment being 6 hours, 
as against the 24 hours required with the standard method. 

We are indebted to Arthur Lee and Sons, Ltd., for per- 
mission to publish this description with the accompanying 
illustrations. 


Comparative Investigations on the 
Hardening Capacity of Chrome- 
Molybdenum Heat-treatable Steels 
S'* chrome-molybdenum steels of various analyses 

were delivered by five special steelworks as forged 
rods for investigation by Anton Pomp and Alfred Krisch. 
They were heat-treated, partly in oil, partly in water, to 
various tensile strengths between 47-5 and 79-5 tons per 
sq. in., thus forming 15 different products, each of two to 
three different dimensions. Brinell hardness tests at the 
surface and over the section of the rods, tensile and notch- 
bar impact tests have been carried out and the results are 
given in tables and graphs. They can be summarised as 
follows :—Low alloy steels had mechanical properties of 
sufficient uniformity only up to a limited diameter, whilst 
high-alloy steels showed good capacity to be hardened 
throughout up to the highest investigated diameter of 6 in. 
The derivation of the tensile strength from hardness 
figures on the surface is uncertain, but the ratio between 
tensile strength and hardness over the section has been 
found to be 0-35 and 0-34 respectively. 
Mitteilungen aus dem  Kaiser-Wilhelm-Institut fiir 
Eisenforschung in Diisseldorf. Vol. 20, No. 9. 
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Manganese 


A Key Metal in 
the Manufacture of 
Iron and Steel 


ANGANESE deserves first place in the order of 
M importance of the steel-alloying metals. Over 90°, 

of the consumption of this metal enters into steel 
manufacture, for which it may be regarded as indispensable. 
In the production of iron and steel, manganese assists the 
manufacturing process, or it is used as an alloy to impart 
special physical properties to the finished steel. Small 
amounts of manganese are also used in the manufacture of 
certain non-ferrous metals, but in the manufacture of iron 
and steel it can be regarded as a key metal. An abundance 
of statistical data and detailed information on manganese 
ore are presented in a publication issued by the Imperial 
Institute. 

There has been a definite tendency of recent vears to raise 
the manganese content of carbon steels, this giving increased 
tensile strength without significant loss of ductile properties, 
and with gains in both normal and heat-treated steels. 
But the carbon and manganese contents need careful 
proportioning, according to the purpose of the final product 
and the heat-treatment the steel may be given. 

The term * manganese ore ”’ is given to those ores from 
which high-grade ferro-manganese can be made, and 
* manganiferous iron ore ”’ is the name given to designate 
those ores which are suitable only for making low-grade 
ferro-manganese and spiegeleisen. 

This book* points out that manganiferous ores are 
generally classified as (a) iron ores, containing less than 
5°, manganese ; (b) manganiferous iron ores, containing 
5 to 40°, manganese ; and (c) manganese ores, containing 
not less than 40°, manganese. But this leads to the 
possibility that a manganiferous iron ore could possibly 
contain more manganese than iron. In 1909, Sir L. L. 
Fermor proposed a classification that would avoid that 
difficulty, and which is applicable to all ores with over 50°, 
of Mn plus Fe. This was— 

Manganese ores ............. 40-60%, Mn 0-10% Fe 
Ferruginous manganese ores .. 25-50%, 10-30% Fe 


Manganiferous iron ores ..... 5-30° Mn 30-65% Fe 
5% Mn 45-70% Fe 


The United States Bureau of Mines adopted the following 
classification in 1918 :— 

Manganese ore, containing more than 35° Mn. 
Ferruginous manganese ore, containing 10 to 35° Mn. 
Manganiferous iron ore, containing 5 to 10% Mn. 

Manganese is similar to iron in that it is dissolved out of 
the crystalline rocks in which it is present, and is re- 
deposited as an oxide, hydroxide, or carbonate. The 
primary deposits are generally composed of silicate minerals 
and are only of economic importance when decomposed 
by ground water in the course of tropical weathering—good 
examples of which are those in India, Brazil, and the Gold 
Coast. The secondary deposits may be either residual or 
sedimentary. These commonly contain pyrolusite, psilo- 
melane, manganite, braunite, and wad. Pyrolusite (MnQ,) 
has the highest metal content of the commoner manganese 
ores. It is formed at or near the surface of the earth under 
strongly oxidising conditions. When pure it contains 
63-2, Mn. 

Psilomelane is a manganese oxide, usually regarded as 
colloidal MnO,, and contains varying amounts of barium, 
potassium, sodium oxides, and water. It occurs in massive 
forms, generally at or near the surface of the earth, and has 
a manganese percentage between 45 and 60. 

Braunite is usually crystalline, although also found in 
massive formation, contains about 62°, manganese and 
with silica content that may be as high as 8~—10°%, 
(3MnMnO,. MnSiQ,). 


Second Edition, The Imperial Institute, South 
3s. Gd, net. 
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Manganite is the grey manganese ore (Mn,O,.H,0), 
occurring in prismatic crystals, and in columnar and 
stalactitic forms. When pure it contains 62-4 Mn, but 
is not so stable as pyrolusite under oxydising conditions. 

Wad is an amorphous earthy mixture of composition 
that varies, but consists in the main of manganese oxide 
and water, with some oxide of iron and other impurities. 
It is also known as “ bog manganese.” 

The chemical properties of the pure manganese (99-99% ) 
are very similar to those of iron. It oxidises readily, and 
undergoes allotropic changes at high temperatures, the 
a-b transformation occurring at about 740°C. and the 
b-y transformation at 1,150°C. Most of the manganese 
used in the metallurgical industries is taken for the manu- 
facture of carbon steels and for special high-manganese 
steel alloys, and smaller quantities are consumed in foundry 
work. 

Manganese is indispensable in the actual manufacturing 
process, acting as a deoxidiser and a desulphuriser ; the 
combination of manganese with oxygen assists freedom 
from iron oxide and prevents blowholes, whilst the 
manganese-sulphur combination prevents red-shortness 
that would result from the formation of iron sulphide. 
Other advantages are that it gives rise to a more fluid 
slag than when silicon and/or aluminium are used as 
deoxidisers and the remaining unoxidised manganese 
remains in the steel and tends to increase the elastic limit, 
this applying both to cast and forged products. It also 
raises the temperature to which the steel can be heated 
without impairing its strength. It is safe to say that no 
other element available as a commercial proposition can 
equal the functions of manganese in steel production : 
certainly not with the same efficiency and economy. 

Ferro manganese, with its high manganese content, is 
mainly employed in the manufacture of steel in preference 
to the other manganiferous alloys. Manganese steel was 
developed by Sir Robert Hadfield in 1883, and is an alloy 
of iron with about 12°, Mn and 1-25°, C. It has a tensile 
strength of 60 to 70 tons per sq. in. when suitably treated, 
and is greatly toughened by quenching. Elongation is no 
less than 50 to 70°... Its resistance to abrasion is one of its 
most remarkable properties. 

In the heat-treated condition, steels that contain from 
0-35 to 0-4°, C and about 1-5°, Mn are used for the 
replacement of carbon steels, and a combination of nickel 
and manganese (1-0-1-25°,, Mn and 1-0-1-75°, Ni) not 
only gives even better properties, but greater freedom from 
the effects of mass in heat-treatment. 

Reverting to the question of steel production, it is 
interesting to compare the position in the U.S.S.R. where 
the amount of manganese ore used for each ton of steel 
produced has been much larger than in the case of other 
steel-producing countries. This is understood to be due to 
the fact that the iron ores are unusually low in manganese ; 
the abnormally high sulphur content of the coke from the 
Donetz basin, and the definite trend in the U.S.S.R. to make 
use of manganese steels in place of more expensive alloy 
steels that demand the importation of ferro-alloy metals, 
The Soviet also appear to have adopted a policy of increasing 
the manganese content of the pig iron in order to reduce 
the consumption of ferro-manganese in the subsequent 
conversion to steel. 

In the non-ferrous field, the best-known uses of man- 
ganese are as additions to aluminium to increase its hard- 
ness, tensile strength, and corrosion resistance ; and to 
magnesium-aluminium alloys, such as Birmabright and 
MG7 to increase the yield strength and corrosion resistance 
of the wrought material. It is claimed that the presence 
in nickel of up to 4-6°, Mn results in increased strength, 
hardness and toughness, with little reduction in ductility ; 
and that the same advantages are found when it is added 
to nickel-copper alloys. Monel metal contains 1-2°, Mn, 
and K. Monel 0-5°, Mn. There is, of course, also a large 
market for manganese in industries other than the strictly 
metallurgical, 
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Large-scale production of manganese ore is confined to 
the U.S.S.R., India, the Gold Coast, the Union of South 
\frica, Egypt, Brazil, and Cuba. The iron and. steel 
producing countries of Europe, and indeed the U)S.A, and 
Canada, have to rely very largely upon imports for their 
supplies of manganese ore of suitable grade. There are 
important European producers, but the quantities con- 
cerned are in many cases qualified by the content of the ore. 
For instance, Czechoslovakia would appear to be the 
principal producer of manganese ore in Europe, excluding 
the U.S.S.R., but the ore contains only about 17°, man- 
and the production was insufficient ‘to meet 
domestic requirements, Large quantities were imported. 

Large ore deposits were found in the East Galician 
Carpathians area of Poland, but were proved to be of 
second-grade quality, and, so far, exploitation has been 
considered too difficult and uneconomic to justify develop- 
ment. 

Italy is in that position where she believes or hopes 
that she will be able to produce sufficient manganese ore 
to meet her own normal requirements within a few vears, 
but has been both producer and exporter of ferro-manganese 
and silico-manganese since the last war. 

Hungary is now producing her own domestic require- 
ore and has been exporting a considerable 
The ore in the Urkut district has a manganese 
content between 23 and 27°,, which can be raised by 
concentration to 40°... Three years further ore 
deposit was found near the Urkut mine, a deposit that 
contains as much as 46-52°,, manganese. 

More than half the total world production came from 
the U.S.S.R. in 1936. Other producers on a relatively 
large scale are French Morocco, United States, and Japan, 
whilst Bulgaria is resuming mining activity, but only 
produced a modest tonnage in 1937, 

The manganese resources of Turkey are considered as 
being of importance, but are largely undetermined, activity 
having been minimised by the combination of transport 
difficulties and competition from Russia. Deposits occur 
in a number of localities and the potentialities are very 
sound. One German company is reputed to have spent 
nearly half a million pounds on equipment for the working 
of the ore in one district, but production remained small 
and was exported to Germany. 

Although the U.S.S.R. is the largest producer of man- 
ganese ore, that country’s exports have decreased steadily, 
until they were less than those of India in 1935. The 
manganese ore of the Chiatura mines is marketed in three 
grades : unwashed, washed, and peroxide, the ordinary 
vrade having 45-48°,, Mn, and the washed grade 50—53°,, Mn. 
The U.S.S.R. Chamber of Commerce, Moscow, states that 
two grades of Nikopol ore are marketed, one with 48°, 
manganese, and the other with 42°, manganese; the 
output, however, is almost entirely confined to the home 
market. The Soviet Government only export the man- 
ganese ore that remains after home requirements have 
been supplied, and it should be remembered that con- 
sumption of ore in the U.S.S.R. has increased more rapidly 
than has mine production, the Russian cutput of steel in 
1936 being more than 16,000,000 tons. 

Germany is the second largest consumer of manganese 
in Europe, excluding Russia. German ore deposits, 
however, amount to very little. As all possible home 
sources have been surveyed with great thoroughness, the 
possibility of the discovery of further domestic resources 
is certainly remote. There are large quantities of man- 
ganiferous iron ore, but the vield is only from 1-22°,, Mn 
to 5-8°.. The total manganese content of the 1935 and 
1936 outputs of manganese ore and manganiferous iron ore 
amounted to 168,814 tons and 188,153 tons respectively. 
But Germany was then using more than 400,000 tons a 
year and so had to import the bulk of her requirements, 
and most of the ore imported is, or was until recently, of 
low grade. The Volklinger Hiittenwerk in the Saar district 
is using the sodium carbonate process for the removal of 
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sulphur from raw iron, this being one of the substitutes 
for manganese. The iron processed is a low-grade ore 
from Southern Germany. Before 1936 imports were 
largely from U.S.S.R., India, and Egypt, but in 1937 52°, 
of the manganese ore imported into Germany came from 
South Africa and 22°, from British India—a fact of con- 
siderable significance to-day. 

The publication of the Imperial Institute deals princi- 
pally with the world resources of manganese ore—the 
mines, resources, and trade of no less than 55 countries 
being treated in a concise, comprehensive and informative 
manner, Manganese ore is just as essential to the iron and 
steel industry as are iron ore and coal, for about 30 lb. of 
high-grade manganese ore are consumed for every ton of 
steel produced, and no acceptable or adequate substitute 
has yet been discovered. In fact, such a substitute is not 
even in prospect. 


New British Chemical Standards 
Bronze **C”’ (No. 207) and Cast Iron No. 206 
Bureau of Analysed Samples, Ltd., announce the follow- 
ing new analytically standardised samples which are now 

ready for issue : 


Bronze (No, 207). Cast Tron No, 206, 
o o 
86°84 Total carbon ....... 2-50 
9-80 Combined carbon ... 0-05 
Phosphorus ....... Phosphorus ........ 1-51 
0-04 Chromium ......... 0-07 
0-02- 
0-04- 


B.C.S. Bronze C (No, 207) corresponds in composition 
to B.S.1. Specification 383 and 384, 1930, for 2/10/88 
bronze (gunmetal ingots and castings). It enables manu- 
facturers and buyers of ingots working to this specification 
to procure a standard sample for their chemists to check 
their methods of analysis. This will be especially useful in 
cases where the percentage of some constituent is on the 
border-line of the specification. 

The sample has been prepared from very fine turnings 
from a specially prepared casting, and is therefore in a 
more acceptable form than an earlier standard of a some- 
what similar type (Bronze “A’’). 

Cast Iron No, 206. This sample was specially prepared 
to meet the need of an iron high in both phosphorus and 
silicon, and is typical of certain irons manufactured both in 
the Cleveland district and in the Midlands. 

In addition to the usual five elements, the sample has 
been analysed for all the likely so-called ** minor * elements, 
as it is frequently useful to have a standard in which all 
the minor elements have been determined. For instance, 
these elements are sometimes present in larger quantities 
than one would suppose, and they may have some influence 
on the determination of the main constituents. In this 
particular case, the titanium appears to have affected the 
usual wet-oxidation method for sulphur and to have 
caused some of the sulphur to remain in the insoluble 
residue. 

Both the bronze and the iron have been analysed by a 
number of experienced chemists, including independent 
analysts and chemists representing well-known manu- 
facturers and users. 

The certificate of analysis which is supplied with each 
bottle of standard gives an outline of the methods used by 
the co-operating chemists and includes certain compara- 
tively new and interesting processes. 

The standards are issued in bottles containing 25 grms., 
50 grms., 100 grms. and 500 grms., and may be obtained 
direct from the Bureau of Analysed Samples, Ltd., 3, 
Wilson Street, Middlesbrough, or through any of the usual 
laboratory furnishers. 
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Industry and Supplies Control 


INCE the outbreak of war industry has been trying to 
adjust itself to war conditions, with varying degrees 
of success. Normal peace-time progress of industry, 

which we have viewed with justifiable satisfaction during 
recent years, has again been retarded by war just when 
recovery from the effects of the last great war was in sight. 
Readers will appreciate that of the forces which interfere 
with industrial progress, war is the most disastrous, 
whether internetional or within the boundaries of nations. 
It is true that in certain directions the technique of pro- 
duction may meke remarkable progress in promoting 
increased fecilities for the prosecution of hostilities, but 
tends to unbalence industry when peace-time activities are 
resumed. As long as vast portions of the world’s surface 
are so disturbed that the products of the soil and the mines 
cannot be developed or utilised, when the energy cf man 
is wasted on destruction, industrial progress must be 
diverted into ertificiel channels, and the supply of raw 
nutteri#ls and man-power lessened so seriously as to affect 


the whole world. The artificial industrial conditions 
resulting from war have necessitated various controls 
under the defence emergency powers, and these have 


created many difficulties. These difficulties are inevitable 
in the early stages of war, when there is dislocation of 
supplies, from one cause or another, and will diminish as 
industry adjusts itself to the artificial conditions and the 
control orders now operating. 

Obviously, the nation’s resources are directed to the 
successful prosecution of hostilities, and control of materials 
is essential to maintain adequate supplies for war work at 
reasonable prices. But, while the Ministry of Supply 
must ever be on the alert and ready to assist to the utmost 
in the co-ordination and furtherance of the war effort, 
it is necessary for the Department to so organise supplies 
of essential materials that the export trade can be main- 
tained at the highest figure compatible with Service 
requirements. The activities of many industries which 
cannot be converted for the execution of war work have 
been greatly curtailed, and while the hardship incurred is 
regarded as a sacrifice that must be borne, it is important 
that everything should be done to ensure and maintain 
industrial efficiency. 

All the basic industries, and practically every major 
industry of Great Britain, are now subject to control. 
Control Orders are made by the Minister of Supply under 
Defence Regulations, and are supported and in many 
cases carried out under the direction of an industry’s own 
central organisation. Generally, prices are fixed, while 
supplies are regulated by licence and/or priority schedules. 
The iron and steel and the non-ferrous metal trades, the 
shipping and shipbuilding industries, gas and electricity 
industries, and many other trades and industries are 
working under regulations of varying severity that appear, 
with a few exceptions, to be operating with reasonable 
efficiency, remembering the relatively short time they have 
been governed by Defence Regulations. 

The Control of Iron and Steel Order, 1939 (No. 1005) 
has been cancelled and replaced by two new Orders—viz., 
Order (No. 2) and Order (No. 3) (Scrap). The main points 
of these Orders appear to be that with one or two exceytions 
in the case of iron and steel serap, the prices which had 
been stabilised before the war are now declared maximum ; 


that in respect of iron and steel products, certain classes 
of official work and services are exempt from licence, but 
subject to preferential delivery being given to such require- 
ments (certain important additions in the new Order should 
be particularly noted) ; equally, no licence is required in 
respect of contracts entered into on or before September | ; 
also in respect of purchases out of stock of stockholding 
merchants for urgent requirements. Except for certain 
special qualities of scrap and ship-breaking scrap, no 
licence is required at present to purchase scrap iron and 
steel. 

The Minister of Supply has issued the Control of Non- 
Ferrous Metals (No. 3) Order, and the Control of Aluminium 
(No. 3) Order. The former repeals and replaces Article | 
of the Control of Non-Ferrous Metals Order, 1939, which, 
subject to certain exceptions, prohibited the sale to or 
purchases by a consumer of copper, lead or zinc except 
under licence. The new Order extends this provision to 
cover all sales and purchases, whether to consumers or not. 
The Order dealing with aluminium brings together in one 
document, with some amendments, the provisions of the 
Control of Aluminium Order, 1939, and the Control of 
Aluminium (No. 2) Order, 1939, which are both repealed. 
The chief changes in the new Order are in the paragraphs 
regulating the maximum prices for virgin aluminium 
alloys, and secondary aluminium and aluminium alloys, 
where provision is made for the fixing of maximum prices 
in special cases. 

A certain amount of confusion in industry is to be 
expected from control during the first few weeks of its 
operation, and, where it obviously impedes output and 
distribution, changes are being made. Where control is 
still inadequate, further measures are being put in hand ; 
it is noteworthy, for instance, that a Ministry of Shipping 
has been formed, and remembering the successful manner 
in which this Ministry operated in the last war, it is not 
surprising that it has been re-established. | Obviously, 
control should be so organised and operated to facilitate 
the smooth inflow of supplies and to provide channels 
for the smooth outflow of production. 

Since the outbreak of war supplies have been controlled 
primarily in the interests of the forces and little or no 
thought given to the maintenance of export trade. While 
this position can be readily understood as necessary during 
the early days of war, it will seriously damage Britain’s 
export trade the longer the supply of essential materials 


for its maintenance remain unbalanced. Under present 
conditions those industries which supply oversea as well 
as home markets have suddenly been deprived of raw 

and so 


material supplies to meet overseas requirements, 
much uncertainty exists that the prospect of continuing 
the export trade on a substantial scale seems at the moment 
to be remote. But export is still a vital necessity, and in 
order to facilitate supplies for this purpose careful planning 
of the needs for the armed and defence forces is necessary, 
so that material and plant capacity can become available 
to enable manufacturers to execute orders on hand for 
export. It is probable that an executive control of the 
supply of war materials for the armed and defence forces 
would be in a better position to accurately gauge require- 
ments well in advance and so enable those industries not 
directly engaged in war work to rely on supplies for their 
manufactures under adequate control, 
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Pig-Iron Grading Scheme 


SUB-COMMITTEE of the British Cast-Iron Research 


Association Research Committee, which includes 
representatives of the British Iron and Steel Federation, 
the Central Pig-Ilron Producers’ Association and the 
Cylinder Refined-Iron Association, has been engaged for 
some years on the formation of a scheme for grading pig 
iron, and the results of its efforts are published in a Special 
Publication by the Council of the British Cast-Iron 
Research Association. 

At one time foundry grades were judged entirely by 
fracture, but gradually chemical analysis has become 
recognised as a better guide to the quality of an iron than 
visual inspection, because it provides a scientific basis for 
the determination of foundry mixtures. During the period 
of transition many more compositions have been called for 
than were customary when fracture grading was entirely 
relied upon, and for some years compositions have varied 
almost as much as the orders placed, creating a chaotic 
condition in the pig-iron industry. In 1932 we emphasised 
the need for simplifying the production of foundry pig 
irons, and though appreciating that many difficulties 
would need to be overcome, we thought that they should 
not be insuperable, that representatives of users and 
producers, through their respective organisations, could do 
much to reach agreement in a spirit of co-operation. This, 
in effect, is what has been done, and the scheme defined 
in this publication is the result of the efforts of the Com- 
mittee constituted to simplify the production of pig irons. 

It is recognised that the blast furnace can be operated 
to produce a pre-determined analysis or a pre-determined 
type of fracture, but this necessitates frequent changes in 
blast-furnace operation and excessive stocking to meet the 
big variety of compositions desired. Frequent changes in 
furnace operation greatly increase the cost of production ; 
further, when changing from one grade of pig iron to one 
of another grade, a percentage of off-grade material is 
produced which normally has a lower market value. On 
the other hand, fewer burden changes contribute to increas- 
ing the efficiency of the blast furnace, which is not only in 
the interest of the maker but also of the user, because 
uniformity is promoted by long runs in a regular burden. 
Naturally, makers feel that the interests of pig-iron users 
are best served when blast furnaces can run regularly for 
long periods on the same burden, promoting both uniformity 
and homogeneity of material. 

The system recommended by the Committee is un- 
doubtediy an improvement on the previous chaotic 
position, but it must be regarded as a compromise since 
the number of compositions seems to be very high. It is 
noted that those users purchasing pig iron to fracture will 
be able to continue exactly as in the past, the scheme 
being applicable only to those users purchasing to analysis. 
The pig irons are grouped for grading purposes in two 
categories—blast-furnaces irons and refined iron, the 
former being divided into hot-blast, hematite, basic and 
cold-blast pig irons, and the latter embracing refined, 
refined malleable and refined cylinder. 

Although the number of compositions is large, it is 
gratifying that co-operation between pig-iron manu- 
facturers, foundry-men and metallurgists has resulted in 
amicable decisions which should eliminate some of the 
problems that retard the economic development of blast- 
furnace practice and at the same time give the foundry- 
man a wide choice of pig irons to meet his particular 
demands. 

Pig-Iron Grading Scheme, Special Publication No. 5. 
Published by the Council, British Cast-Iron Research 
Association, 21-23, St. Paul’s Square, Birmingham. 
Price 3/6 post free. 


W. F. Chubb, Ph.D., B.Sc., has been appointed consulting 
metallurgist at the Ontario Research Foundation, Toronto, 
Canada, and expects to be away from England for about six 
months. 
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Atlantic Air Mail Service 


N these troubled times we are apt to overlook the success 
achieved by flying boats in mail service, but an Air 

Ministry bulletin states that the first regular experimental 
air mail service across the Atlantic from Southampton to 
New York, via Foynes, Botwood and Montreal, was com- 
pleted by the arrival of the Imperial Airways flying boat 
Cabot in this country on September 30. Eight journeys 
each way over a period of eight weeks, starting from August 
5, were carried out successfully. Twelve of the sixteen 
journeys were ahead of schedule, and on the week-end of 
September 23-24 the Cabot achieved the fastest time so far 
recorded for the Atlantic crossing from east to west by 
flying from Foynes to Botwood in exactly 13 hours. 
Altogether, 50,000 miles have been flown. 

It is noteworthy that services on the Empire routes are 
being maintained to Sidney, one to Kisumu and one to 
Durban by flying boats. One service a week is also being 
operated to Egypt, via Malta, by landplane, and the 
possibility of extending it to India is under consideration. 
The overseas feeder services in these main line services 
have in general also been maintained. In the European 
zone it has been necessary to suspend most of the services. 
A notable exception has been the British Airways’ weekly 
service to Stavanger, Stockholm, and Helsinki and back, 
which was inaugurated a week before the outbreak of war. 
The regular services between London and Paris were 
suspended on the outbreak of war—although special flights 
have taken place—but are now being resumed jointly by 
Imperial Airways and Air France. It may be possible 
shortly to run a regular service to Lisbon. 

Internal services have suffered a certain amount of 
dislocation. The Renfrew-Islay-Campbeltown route and 
that between the North of Scotland and the Orkneys and 
the Shetland Islands, however, are being maintained. 
There is every likelihood that, subject to defence considera- 
tions, efforts will be made to encourage useful services of 
this kind. 


North-East Coast Institution of Engineers 
and Shipbuilders 


A GENERAL MEETING of the above Institution will be held 
on Friday, October 27, 1939, in Bolbee Hall, Newcastle-on- 
Tyue, when Dr. G. 8S. Baker, O.B.E., of the William Froude 
Laboratory, will present for discussion a paper entitled 
* Rolling of Ships Under Way: The Decrement of Roll 
Due to Hull and Bilge Keels.” 

Most of the published data on rolling of ships have been 
obtained from experiments with models and ships at rest. 
In recent years, all rolling experiments at the William 
Froude Laboratory have been made with the models under 
way at their service speed, as well as at rest, for it has been 
found that tests at rest might show some feature of hull 
or keels as having an advantage which is very much 
modified when the model is under way, and in general the 
decremental value of such features when under way is not 
directly related to their decremental value when the ship 
is at rest. 

The experiments detailed in this paper, with the exception 
of the last model and its modifications, have been made for 
various firms, to obtain the effect of speed, bilge keels and 
metacentric height upon rolling under way. With the 
last model several hull changes were tried to determine 
their effect upon the roll extinction. The paper deals only 
with extinction arising from the hull and its keels and is not 
concerned with the effects of any anti-rolling mechanism. 

An attempt has been made by normal statistical methods 
to formulate a rough approximation for determining the 
extinctive value of any hull, and a fairly close approxima- 
tion for any bilge keels on any normal ship at its service 
speed in load condition. The criterion for this assessment 
is also the criterion for maximum roll in synchronous 
waves and has a double importance. The effect of splitting 
the bilge keels into two discontinuous parts is also shown, 
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Sorby—The Originator of Metallography 


By a Special 


Contributor 


Dr. Sorby is entitled to the credit of being the founder of metallography, although his 


early work on the subject remained almost unnoticed for about twenty years, during which 


time other workers carried out similar work. 


It is seventy-five years since he successfully 


devised suitable technique for the microscopic examination of metal sections,-and despite 
progress in apparatus and technique some of his photomicrographs are not surpassed in 


excellence by later workers. 


He placed in the hands of metallurgy a new and most valuable 


method of scientific investigation, and in this article some of his work is briefly discussed. 


LTHOUGH not many 
A decades have elapsed 
since practical metallo- 


graphy came into daily use in 
the routine of works and colleges, 
it is interesting to note that this 
year marks the 75th anniversary 
of the first pronouncement made 
upon the subject by Dr. Henry 
Clifton Sorby, who was the 
founder of this useful art, which 
has now developed into a highly 
technical science. 

Photographs showing * the 
very striking peculiaritics of 
structure ’ exhibited under the 
low-power microscope, by 
varicus kinds of iron and steel 
were first shown by Sorby at the 
Bath meeting of the British 
Association for the Advancement 
of Science in the autumn of 1864, 
and he accurately described and 
distinguished between the 
various constituents which we 
know to-day as ferrite, cementite 
and pearlite,—graphite and slag 
were also noted. 


Early Work 

Sorby was born at Woodhouse 
near Sheffield, on May 10, 1826, 
and his family had been con- 
nected with the cutlery trade for several generations. He 
was educated at the Collegiate School, and later reports 
that he studied privately under a tutor, who imparted a 
chemical bent to his scientific interests. He worked at 
mathematics, optics, chemistry, anatomy, and water-colour 
drawing, all of which turned cut to be of the greatest 
possible value to him in what he afterwards accomplished 
in many fields of original investigation. His first paper 
was published in 1847, at the age of 21, on the subject of 
agricultural chemistry, and altogether he contributed 
to various learned societies, 240 papers connected with 
his investigations, a striking evidence of his remarkable 
activity and fertility as a research worker. 

His chief studies seem to have been concerned with the 
practical application of the microscope to every department 
of natural science, in which that instrument now plays a 
leading part. Most of the honours heaped upon him were 
in connection with the study of geology and mineralogy, 
and as early as 1849 he had prepared the first rock section 
thin enough to be examined by transmitted light, and thus 
founded the science of micro-petrography. In this the 
use of polarised light was also devised, and opened up a 
vast new field, the limits of which are not yet exhausted. 

That no worker ever preceded Sorby in his discoveries 
and foundation of metallographic procedure has been 
proved by extensive study of existing records. Thus 
Hooke published in 1665 some work he did in examining 
the edge of a razor under the microscope, and his drawing 
compares with what can be seen to-day. Next, Reaumur, 


Dr. H. C. SORBY. 


in France, described in his book, 
produced in 1724, the fractures 
of many kinds of cemented steel 
and malleablised iron, but 
although he used a lens to 
assist the unaided eye, no 
attempt at discerning a structure 
of a polished specimen was used. 
Both Fuchs and Kohn, who 
published papers in 1857, de- 
scribe only cleavages and frac- 
tures in their comments on the 
crystallisation of iron. The 
earliest record of steel being 
polished and etched for micro- 
scopical examination in 
Russian ; and describes Anossof’s 
attempts in 1841 to imitate the 
production of damascenced steel 
as made by the Eastern steel 
workers. This, however, made 
no attempt to discover the con- 
stitution of the resulting steel, as 
did Sorby’s careful conclusions 
on the nature of the structure 
he observed. 


Metals 

From his own writings, it 
seems that it was almost by 
accident that Sorby undertook 
the study of iron and steel, and 
that the work he did in it con- 
stitutes a very small part of his total achievements, but 
even so, his skill in this unexplored field was such that 
many of his discoveries still stand to-day unchallenged. 
In his own words, he tells us: “It was the natural 
thing that I should be led from the microscopical study 
of the structure of rocks to that of meteorites, and in order 
to explain the structure of meteoric iron, | commenced the 
study of artificial irons. I began this work in 1863, and in 
1864 gave an account of it to the British Association. This 
attracted no attention for 22 years, but in 1887 the Lron 
and Steel Institute requested me to take the matter up 
again and appointed Dr. Percy, Sir Henry Bessemer and 
myself to decide the best way of illustrating a complete 
paper on the subject. This was done, and since then the 
microscopical investigation of iron and steel has been 
largely recognised as a most important means of studying 
them. In those early days, if a railway accident had 
occurred and I had suggested that the company should 
take up a rail and have it examined with the microscope, 
I should have been looked upon as a fit man to send to an 
asylum, but this is what is now being done. What I really 
proved was that various kinds of iron and steel are varying 
mixtures of well-defined substances, and that their structure 
is, in many respects, analogous to that of igneous rock. | 
also took specimens of iron and steel and acted upon them 
with acid, so that it was possible to print from them as from 
types, and show many interesting points connected with 
their structure.” 

This latter reference applies to Sorby’s first paper in 
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February, 1864, to the Sheffield Literary and Philosophical 
Society :—** On a New Method of Illustrating the Structure 
of Various Kinds of Steel by Nature Printing,” and although 
strictly speaking this is not microscopical metallography, it 
indicates the first use of what is now the very useful method 
of macro-etching as applied to castings and forgings for the 
study of crystal arrangement and grain flow. 


Polishing Technique 

It is of interest to note that from his earliest observations, 
Sorby was specially concerned with the constituent which 
he called * pearly,” and accurately diagnosed the effect 
as due to a mixture. It was not, however, until 20 vears 
later, in 1885, that he used the * high power of 650 magnifi- 
cation,” and was thus for the first time enabled to resolve 
the two components and recognise them as free iron and 
hard iron, 


Low power photo-micrographs of Steel polished by Dr. 


photographed without re-etching 


Accounts of Sorby’s method of preparing micro-sections 
show the great care taken in removing scratches and pre- 
paring a truly polished surface on his |} in. square specimens 
(only + in. thick), and mounted on plate glass, with Canada 
balsam like his rock sections. Some idea of the care he 
exercised in preparing specimens is indicated by the fact 
that one of his specimens took five weeks to grind, at a 
cost of £1 per week for labour. Specimens mounted by 
him are still preserved in Sheffield University, and their 
permanence is shown by the fact that a section of wrought 
iron was successfully photographed 50 years after it had 
been prepared and etched. Another of Sorby’s favourite 
specimens was the variety shown by blister steel, which 
was not only well suited for macro-etching, but also for 
examination under the microscope, since it exhibited the 
entire range from ferrite to cementite. Some of his doubly 
converted bar samples, when cleaned of the balsam covering 
which had become opaque, were recently photographed,* 
and show in the two illustrations that they have remained 
perfect after the lapse of over 40 years. 

Structure of Iron and Steel 

In his paper of 1887, ** On the Microscopical Structure of 
Iron and Steel,’’ Dr. Sorby gave the general character of the 
chief constituents he had observed as (1) free iron as in 
malleable (i.e., wrought iron); (2) carbon in the form of 
graphite, in cast iron ; (3) the pearly constituent, containing 
a mixture of free iron and iron combined with carbon ; 
(4) iron combined with carbon, as in white iron ; (5) small 
ruby and dark crystals (possibly silicon); (6) the residual 
compound in cast iron. He admitted that the true nature 
of the dark crystals remained to be determined, and it 
was some time later that Stead showed these to be red 
“ eyanonitride ” and the blue titanium nitride. The 
residual compound was doubtless the phosphide eutectic 
identified also by Stead. 

*By Mr. J. H. G. Moneypenny, F.Inst.P., for Dr. C. H. Desch, and published 


in the West of Scotland Iron and Steel Institute Journal, vol. xxix, 1921-22, 
pp- 62-71, 


OcToBER, 1939 


What is perhaps most remarkable about the paper are 
the six illustrations, which are actual photographs repro- 
duced by the Woodbury type process. Some of these can 
hardly be improved upon even now. Comments are made 
upon the effect of annealing cast iron, and the connection 
between microscopical structure and mechanical properties. 
In Sorby’s paper of 1886 he gave a suggestion which can 
easily fit in with the modern theory of solid solutions in 
explaining the hardening of steel. He said: ‘‘ What I have 
been able to see with high powers shows that when strongly 
heated the constituents combine, and when suddenly 
chilled there is no evidence that they separate, although 
it is possible that this may be, because the particles are 
too small to be separately defined. It, however, seems to be 
very probable that in the hardening process the unstable 
compound may not break up into soft iron and the very hard 

and brittle constituent, but may be 
suddenly fixed so as to give great 
hardness combined with strength. 
According to this view, the peculiar 
properties of Mushet’s self-harden- 
ing steel may be due to the pres- 
ence of tungsten preventing this 
usual separation. That the soften- 
ing of hardened steel depends on 
a separation of the two constitu- 
ents seems proved by what is easily 
seen when the heat has been main- 
tained for a considerable time.” 
In his conclusion, he said: ** J 
cannot but feel that a great deal 
remains to be learned with respect 
to many most important branches 
of my subject. It is very easy 
Sorby and recently to see that the facts described 
are in many cases quite inadequate 
to clear up particular questions of great practical and 
theoretical interest. I> however, hope that what I have 
said may suffice to show that even if some of my conclusions 
have been formed on insufficient data the methods of 
research adopted are adequate to clear up some of the most 
complicated and difficult questions in metallurgy.” 

Although the papers of 1886 and 1887 in the Institute 
Journal received little practical attention at first, other 
experimenters were soon following independent investiga- 
tions, and Martens was the first in 1878 to publish a paper 
on his observations. The technique was faulty at first, 
but rapidly improved when Wedding and Ledebur learned 
of the superior methods previously adopted by Sorby, and 
now it is possible to attain perfect results almost 
mechanically. 

It is perhaps most fitting to close with a reference to the 
commemoration of Sorby’s name in the all-important 
constituent which is now designated “* sorbite ’ after him. 
Although many workers contend that it is really pearlite 
in another guise, it must be admitted that where a structure 
can be attained in the optimum sorbitic state, the steel so 
treated possesses physica! properties and offers resistance 
to impact and fatigue, exhibited by no other form of 
structure to the same extent. 

Dr. Sorby died in Sheffield on March 9, 1908, in his 
eighty-second year, having “ placed in the hands of 
metallurgy for all time a new and most valuable method 
of scientific investigation."’ He had been elected a member 
of the Iron and Steel Institute in 1886, and the last time 
he appeared at its meetings was in 1906 at Sheffield, when, 
as a member of the Reception Committee, he was wheeled 
in his academic robes into the Firth Hall of the New 
University buildings, in the founding of which he had been 
so much interested. He expressed his pleasure that so 
much interest was now taken in the study of the micro- 
scopic structure of steel, compared with the little interest 
taken 20 years previously, when he contributed his papers 
on the subject to the Institute. 
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Industrial Management and Production 
Control 


Part X.—Planning and 


Progressing—contd. 


By F. L. Meyenberg 


Planning and progressing are defined, and the method of carrying out the operations 
is discussed under various sections, such as analysis of orders, works orders, work 


and time studies, and processing. 
and various influences on the planning work 
planning and progressing organisation is 


An Example of Successful Planning in practice at 
a Rod and Bar Mill 

It may be that this general discussion of planning and 
progressing could produce a too academic impression on 
the reader, that he may say: “ That sounds all very well 
when described on paper, but are there really such planning 
systems introduced in practice which are working reliably 
and with obvious success?’ Therefore it seems worth 
while to give at least one example in detail which confirms 
the general explanations. Of the abundant material 
published in literature or contained in reports in industrial 
works, an example is selected which may be of special 
interest for the readers of METALLURGIA because it deals 
with a rolling mill for steel rods and bars and is published 
in German, therefore not generally known in this country.‘ 
It is perhaps superfluous, but it may be expressly pointed 
out that it is given here only as an example of how such 
planning can be carried out without recommending a 
perfect imitation even for a similar case. it has already 
been working for some years, but that does not imply 
that it should be accepted as typical in all details. Let us 
repeat once and for all that such a detail can be justified 
or criticised only with the full knowledge of the technical, 
economical and psychological conditions of the individual 
undertaking; of its development, its tradition, its 
geographical situation; and that I consider everybody 
who disregards this fact as unfit for organising work. 

The position of the planning department in the organisa- 
tion of the iron and steel works in question is illustrated 
by Fig. 20, which needs only few explanatory remarks. 

The planning department in this case is only concerned 
with the production of the rolling mills B, and with the 
delivery of semi-finished goods (raw material) for the mills B 
from the mills A, not with the material delivered from it 
as finished goods to the customers via warehouse A. The 
mill manager is the direct superintendent of the planning 
department, which delivers to him all basic figures necessary 
for his managerial function, but depends in its work on 
relevant information from the commercial departments. 


Influences on the Planning Work 
There are various influences on the planning work 
between which a compromise must be sought in order to 
find the best solution. They can be divided into three 
groups : 
1. Connected with customers’ orders. 
2. Connected with production. 
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An example of planning a rod and bar mill is given, 
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Fig. 20.—Position of the planning and progressing 
department in the organisation of the works. 


3. Connected with the delivery of semi-finished products 
forming the raw material of the mills B. 

Only the main problems may be mentioned under these 
three headings: (1) Important is quick delivery to the 
customer, which would best be possible from a sufficiently 
big stock ; but the nature and composition of the customers’ 
orders did not allow this to any considerable extent. 
Experience had shown that the same size could be rolled, 
as a rule, only after three weeks. It was, therefore, neces- 
sary to roll similar dimensions of such orders which arrived 
just before setting the suitable rolls, or during the rolling 
itself. The planning system must therefore be flexible, and 
sudden changes and interpositions must be possible without 
trouble. Thus, the rolling programme could be set up 
accurately only from day to day. 

(2) For the changing of the rolis, the lower limit is the 
need to meet customers’ requirements, the upper limit 
being the wear of the rolls. It has been found that the best 
sequence of the sections, and then the change of the rolls 
could be fixed, as shown in Fig. 21, for the rod and bar 
mill. Further factors which had to be taken into account 
were the manning of the mills and the consumption of gas 
and power; but even after fixing the rolling programme 
according to all these conditions, the mill manager was 
given the right and responsibility of changing the pro- 
gramme if he thought it would be more economical in a 

special case. Usually, however, the programme as given 
by the planning department was binding. 
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(3) In order to have at hand the necessary semi-finished 
products at the right moment, and in the right quantity, 
investigations had been made to find the increase of the 
quantity of material during the previous steps of produc- 
tion (e.g., Fig. 22), and the best production times in the 
melting shops have been determined as follows : 

(a) Ordinary steel produced by the Bessemer melting 
shops : 


Blowing of the melt 

Casting and stripping (5 ingots) 
Heating in the soaking pit 
Rolling billets 

Transport to mills B 


Total 


(b) Special steel produced by the Siemens melting 
shop : 
Hours. 
Preparing the charge : 
In the furnace 
Casting and stripping (16 ingots) 
Heating in soaking pit 
Rolling billets 
Testing and inspecting 
Transport to mills B 


Total 


These figures have been used to find again the right 
compromise between times too short for the supply of 
semi-finished goods, endangering the continuous working 
of mills B, and unduly long times with the disadvantages of 
an unnecessarily big stock. 
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This customer's order sheet is written on an Elliot- 
Fisher typewriter, where the paper lies on a plain metal 
plate, over which the typewriter is moved along. The 
rolling control sheet (see later) the most important link 
of the organisation, is laid above the customer’s order 
sheet during the writing, therefore making a copy. Thus 
it is possible to replace quickly the rolling control sheets, 
of which each takes only one position—i.e., one line of the 
customer's order sheet. 

The customer's order sheet is written in two copies. 
One goes to the warehouse. This sheet has a division on 
the lower right part for entering the finished production 
as reported by the rolling control sheet. If a dimension 
has to be treated in the finishing bank, a twofold report is 
necessary, the first showing the rolled quantity, and the 
second the quantity without defects and ready for des- 
patch. In this case the first report is entered under 
‘ finishing bank,’ the second under warehouse,” which 
otherwise takes the rolling report direct. 

The customer’s order sheet, by daily entry, shows 
accurately the state of the order and the progress of the 
work. Attention is drawn to overdue parts by omissions of 
entry, and are collected weekly for the new rolling plan. 
The other copy of the customer’s order sheet is retained 
in the planning department for reference purposes, and 
only dealt with again in case of changes. 

The rolling control sheet (see Fig. 25) is prepared in two 
copies, together with the customer’s order sheet, the 
printed form being the same as that of the lower left part 
of the customer’s order sheet. As already mentioned, 
takes always only one stage of the order. The steel quality 
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The Actual Work of the Planning and Progressing 
Organisation 

The course of the organisation is illustrated by Fig. 23, 
to which only such remarks may be added which are not 
self-evident. 

The customer's order sheet (see Fig. 24) changes the 
various forms of the customer’s orders into a unit form, 
with all instructions necessary for production, delivery 
and control of the order. Under “ special instructions ’ 
are given tolerances, details of bundling, signification by 
colour, tests wanted, ete, 
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draught. 

28. Arrival of the advice note at the 
customer, 

. Writing the invoice. 

26, Despatch and putting down of the 30. Arrival of the invoice at the 

weight by the railway company. customer, 


24. Writing the despatch instruction 
and the advice note. 


25. Transfer from the rolling control 
sheet to the rolling order sheet 
in the planning department. 


is marked by the colour of the rolling order sheet : 
Bessemer steel = white ; Siemens steel = green ; special 
steel = red. 

The date of delivery is on the upper edge, thereby it is 
easier to determine the volume of orders for the present 
and the following month. 

The rolling control sheets are first put into a box allocated 
according to the various sections. Thus it is possible to 
have together in one batch all orders of one section or for 
one roll, if more than one profile is cut into the same roll, 
and to make up the one after the other in the same sequence 
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Fig. 24.—-The customer’s order sheet. 


as the rolling shall take place. The whole order stock is 
taken on Wednesday of each week for each section 
separately. The result is entered on a sheet which contains 
already the shift output—i.e., capacity of the mill for the 
section in question,—thus making it possible to calculate 
the loading of the mill in shifts. 

For the preparation of the rolling programme a printed 
form is used, divided into six parallel columns, representing 
the six mills of the rod and bar mill; each is again sub- 
divided into columns for the individual sections, for 
Bessemer- and Siemens-steel separately. On the right edge 
of the form a further column is provided for summing-up 
the output of all mills together, again separated into 
Bessemer and Siemens steel. ‘Thus an analysis of the rolling 
plan of the mills is obtained. The form is further divided, 
from top to bottom into the days of the week, and each day 
into the three shifts. The back of the sheet shows in similar 
form the preliminary rolling programme of the next week. 

The managers of the warehouses, of the planning depart- 
ment, of the rolling mills and of the melting shops have a 
programme meeting each Thursday, using as basis the 
stock of rolling orders and the list of overdue parts in 
progress. The warehouse can then give accurate dates of 
delivery, the mills B can determine the manning and the 
rolls to be used, and the previous shops can harmonise 
their production to the demands of the mills B. The rolling 


sometimes containing several numbers of the rolling 
control sheets. 

The calculated charge for one or several processes is 
entered on the right lower part of the roll order sheet, 
where a division is provided for all necessary figures as— 
number of melt, quality, section and length of billet, 
weight of piece and total weight, storage place. 

If it is clear from the rolling programme that a certain 
section shall be rolled, the corresponding control sheets are 
taken from the card index and transferred to the rolling 
order sheet in the sequence of rolling (Fig. 23, M.16). Thus 
it is made impossible for a shift to pick out the most 
favourable components in order to get a high production 
in weight, but perhaps neglecting more urgent pieces of 
work in progress. 

The sequence is: for strips from wide to narrow, for 
bars from small to large dimensions, as far as the same rolls 
can be used. Special steels are inserted always at the end 
of a piece or group of the same dimension. 

The rolling order sheet is made as an original and five 
copies ; one copy being retained at the planning depart- 
ment (H.19). On this copy the rolled quantities are 
entered as soon as the control sheet has been returned 
with the correct weight from the mill, showing that the 
rolling has been carried cut (H.25). The other copies are 
sent to the mills ; one to the ingot-weighman, who prepares 
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cerned (see Fig. 23 — D.16; 
H.16; M.16; R.16; 8.16). 
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with the afternoon shift of the 
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number of the sheet; the 

left part has the same form 

as the customer’s order sheet and rolling control sheet, 
but enlarged by columns for the cast number, the number 
of the rolling control sheet, and the weight of the section 
per metre ; this is used for the calculation of the charge. 
The numbers of the control sheet begin for each rolling 
order sheet with 1 and continue in sequence. This number, 
and the number of the rolling order sheet, are transferred 
to the rolling control sheet, thus filing both forms close to 
each other. The numbers of the charges begin likewise 
with | and continue in sequence, one number of the charges 


Fig. 25.—The rolling control sheet. 


the charge, the second to the charger at the furnace (0.19). 
On these two copies only the right part, concerning the 
charge, is filled. The third copy is received by the mill 
foreman, the fourth by the shearman, as instruction of the 
length to be cut, and the fifth and last copy is delivered 
to the storekeeper (Q.19). He weighs the various items of 
the finished products and stacks them, so that all items, 
even if arising from different orders of the same customer 
and being finished at different times, are collected at one 
and the same place. All rolling control sheets, together 
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with the rolling order sheet, are delivered to this store- 
keeper, who enters the finished weight and sends them 
as a rolling report via storage card index of the customer 
(F.22) to the warehouse (E.23) and the planning and 
progressing department (H.25). 


METALLURGIA 


OcToBER, 1939 

problem of organisation cannot easily be solved. Taking 
into account that it is a comparatively simple example, 
concerned with a production involving only few processes 
in sequence, and using only generally applied auxiliaries, 
such as the Elliot-Fisher typewriter, card indexes, ete., 
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The order sheet for semi-finished products (Fig. 26) is 
used for Bessemer steel which is not in stock at the mills A. 
The right part of this sheet is varied according to where 
the copy must be sent. Copies remaining in the planning 
department, or to be issued to the billet store, have columns 
for the three shifts of one day, and deliveries which could 
not be carried out as planned are transported to the order 
sheet of the next day. ‘The other copies are used for planning 
and accounting purposes of the mills A and of the melting 
shops. As the orders of Siemens steel must be given at an 
earlier date, they are mostly “ orders awaiting call.” As 
soon as it is certain which casts will be necessary for the 
next time, an order is made up in five copies, one remaining 
at the planning department, the others to be issued to the 
mills A. There they are used as information of the pianning 
department ; the first by the Siemens melting shop for the 
analysis ; the second by the billet mill for the heating time 
of the ingots in the soaking pits end the quantity, section 
and lengths of the billets ; the third by the shearman for 
the quantity of the cut material end the number of the 
wagon transporting the material to the mills B: and the 
fcurth by an inspector for the result of his inspection. 

The clerical work connected with the despatch is based 
on the rolling control sheet. Fig. 23 shows that two copies 
of this control sheet arrive finally at the customer's card 
index in the warehouse, giving a report of the finishing of 
the order (F.22). For each customer there is one card 
where the details of all finished orders are entered, i.e., 
not only quantity, size, etc., but also bay and rack of storage. 
Thus a survey is obtained whether there is sufficient 
quantity at hand from all orders of the same customer to 
allow for the despatch of a full load. The two copies of the 
rolling control sheet are now separated, one is used for 
completing the customer's order sheet (E.23), the other 
for recording on the rolling order sheet (H.25): so that 
the one shows how far the individual order is finished, the 
other whether the work is properly carried cut by the 
mills. 

In case the rolled material has to be treated at the finish- 
ing bank, the route of the rolling control sheets is some- 
what different. 

The stock-keeper sends them to the finishing bank, 
where they are separated. The one sheet remains at the 
finishing bank during the whole time of treatment, the 
other goes via planning department to the warehouse, 
informing both that the order is rolled but not vet finished 
for despatch. A supplementary control sheet, made up in 
two copies at the finishing bank, informs the warehouse 
that the work is completed, and at the same time enables 
the planning department to issue an order for replacing 
rejects if necessary. It is now possible to make up the 
despatch instruction (E.24), the advice note (E.24 and A.28) 
and the invoice (B.29), but the weight given by the railway 
company and by the control sheets must first be compared 
and a difference, if in the limits of the weighing errors, be 
distributed in percentage to the individual stages of the 
order, taking the figure of the railway company as authori- 
tative. 

Even a superficial reading of this description of a success- 
ful planning and progressing system will show that this 


The order sheet for semi-finished products. 


the warning given above, not to engage in planning without 
being convinced of the final success in spite of all difficulties, 
may be fully justified. 

On the other hand, there is no doubt at all but that 
great economic advantages can be obtained by intro- 
ducing and applying this modern method in the right 
manner. Besides these advantages, which can be expressed 
in money, the psychological effect on the responsible 
manager should not be forgotten; a man who has his 
works well in hand can feel well prepared against any 
future vicissitudes. He who has had this experience once 
will always tend to repeat it, if he should obtain a new 
position in enother works, and should certainly not be 
deterred by the objection that this method would not suit 
the new kind of production. In answer to this remark, 
I would say that | have never met, in my long experience, 
any kind of production where this objection has not been 
made in the beginning, but it has always been proved 
wrong in the end. 


Gravity Die Castings in Aluminium 
Alloys 


Some facts and figures of considerable interest on the 
process of producing aluminium alloy castings by means 
of gravity dies and on the design of the castings themselves 
are contained in a recent engineering bulletin.* The use 
of gravity dies, or chill moulds, is strongly recommended 
in the production of aluminium castings for reasons of 
speed, better finish, and higher mechanical properties. 

The simpler type of automobile pistons, for example, as 
used in the Austin Seven and similar small cars, can be 
produced as gravity die-castings in a fraction of the time 
required to produce them as sand castings ; about 50 an 
hour, in fact, can be turned out by this method—five times 
as many as when sand moulding is employed. The 
advantages of the gravity die method are therefore obvious 
for such uses as in the automobile and kindred industries, 
where mass production and speed of output are of para- 
mount importance. 


Greater dimensional accuracy is also obtained with 
gravity die-castings, commercial tolerances being roughly 
plus or minus | 100th of an inch, or nearly half the figure 
obtained with sand moulds. Finer grain structure is also 
obtained by using gravity dies, with a correspondingly 
favourable effect on the mechanical properties. 

Additional information, well illustrated, is also given 
concerning the most suitable alloys to use for castings of 
various types and design of gravity dies, and finally, the 
recommendation that co-operation between designer and 
foundry is very desirable for the economical production of 
satisfactory articles. 


*“ Gravity Die Castings in Aluminium Alloys.’ Copies of this 
Bulletin may be obtained gratis from Northern Aluminium Co., Ltd., 
Banbury, Oxfordshire. 
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Industry 


Intensive efforts have been made to exploit Germany's domestic iron ore resources in order to 
increase her production of iron and steel, and although considerable progress has been 
effected the greatly increased industrial and armament activity has accelerated demands 


on the industry and increased its reliance on foreign ores, 


shown a continuous upward trend, particularly 

during the last five or six years. In 1932, for 
instance, pig iren production was about 4 million tons, 
while in 19387 and 1938 production had been raised to 
16 and 18-5 million tons respectively. A corresponding 
increase was experienced in the production of steel from 
about 5 7 million tons in 1932 to 19-8 and 23-2 million 
tons in 1937 and 1938 respectively. During this period 
strenucus efforts have been made to augment the output 
of domestic iron ore, Lut while much progress has un- 
doubtedly been made, the growing demand for iron and 
steel to meet the greatly increased industrial and armament 
requirements has prevented Germany increasing the 
percentage cf home ores perceptibly in the increased 
production. According to recent reports, Germany’s 
cutput of iron ore in 1938 was 11-1 million tons, averaging 
32°, ircn content (this fgure includes abcut 2 million tons 
ef iron ore from Austria). The preduction cf iron from 
domestic gre : upplies in 1938 constituted abcut 25°, of the 
cutput frem iron ores. In addition to iron ore, Germany, 
it is estimated, produced, in 1937, about 9 million tons of 
verap iron, so that the total domestic iron used in steel 
production amcunts to nearly 50°... According to estimates 
imports of scrap iron in 1938 were about | million tons, 
while imports of iron ore have increased from 13-8 million 
tons in 1935 to 20-6 million tons in 1937, and to 21-9 
million tons in 1938. These, which include about 9 million 
tons of rich Swedish ore in 1938, averaged about 50°, 
iron content. 

Germany has never been so well off for iron ore as she has 
for coal, and since she lost the ironfields of Alsace-Lorraine, 
which were specially valuable because they lay close to 
coal, she has far less now than before the war of 1914. 
What ore is available is of poor quality and has a relatively 
low iron content. It is this deficiency of domestic iron 
ore that is presenting a serious problem to the German 
iron and steel industry. The desire to increase home 
supplies led to the exploitation, in 1937, of the large deposits 
of low-grade siliceous iron ores at Salzgitter, in Central 
Germany. The enterprise is being financed by the German 
Government, and includes provision for the construction 
of large steel plants, which will be of great importance to 
Germany's iron and steel industry. The development of 
these new sources of supply constitutes an important part 
of Germany’s rearmament programme. When the pro- 
gramme at Salzgitter is completed it is estimated that the 
output of steel products will be increased by 4 million tons. 
It is understood that the first unit for manufacturing 
1 million tons of pig iron per year was to be completed 
next year, but it is probable that efforts will be made to 
hasten the erection of the plant so that it can be put into 
operation at the earliest possible time. 

Another steel plant for the same company is being erected 
at Litz, on the Danube, between Salzburg and Vienna, 
which is planned to produce | million tons of pig iron a year. 
In this case, the ore is to be obtained largely from the 
Erzberg mine in former Austria and partly from the mines 
in Bavaria. This plant is also expected to be put into 
operation next year. 

It is difficult to determine how far this new company 
can go in its effort to supply domestic demand for pig iron, 


T: E production of iron and steel in Germany has 


as many prominent engineers in the iron and steel industry 
are opposed to the wide use of the domestic ores which 
they consider to be unsuitable. Considerable experimental 
work has been carried out on these lean ores. At first they 
were concentrated and sintered, but the loss of iron was 
excessive, and the process was abandoned. The main 
method then adopted was to mix the poor German ores 
with rich ores imported from foreign countries. Due to the 
high silica content of the average material from the newly 
exploited lean deposits, excessive quantities of lime have 
to be added to the blast furnace to give a slag with the 
required degree of basicity. Recent work has been in 
progress designed to treat the lean ore alone in a separate 
furnace, but with a siliceous or acid slag instead of a limey 
basic slag, as is normal. Since the acid slag does not 
remove the sulphur content of the ore and coke, desulphur- 
isation, therefore, cannot be completed in the blast furnace, 
but the hot metal is treated with soda ash for this purpose 
by a method developed in Britain. Operating conditions, 
the character and quantity of the ore, the temperature, and 
the pressure and quantity of the blast have to be maintained 
uniform and necessitate greater care than is usual when the 
blast-furnace operates on a basic slag, which increases the 
cost of production. Many competent to judge do not 
believe that Germany can improve her situation sub- 
stantially by these uneconomic efforts. On the other hand, 
it is apparent that the German Government is less con- 
cerned with the economic aspects of these new undertakings 
than with the project to supply the iron and steel industry 
with greater quantities of iron ore. 

Despite these costly efforts to raise, treat and smelt 
lean German ores, imported material is absolutely essential 
for maintaining output and quality. Greater steel output 
is necessitated because German industrial activity has 
risen to very high levels because of armament production, 
highway construction with numerous bridges, railways, 
shipbuilding, automobile manufacture, rebuilding of whole 
city blocks, and expansion in the electrical and machinery 
building industries for export trade. There is an ever- 
increasing demand for increased exports of steel products 
to supply much-needed foreign currency to purchase the 
required raw materials, Obviously, those raw materials 
which are used for armament or accumulated as military 
reserve stocks cannot be re-exported in manufactured form, 
and Germany's effective exporting capacity is thus 
restricted. 

It is not intended to refer to all the raw materials that enter 
into the production processes of iron and steel, since this 
would necessitate a long list of mineral and non-mineral 
substances. The main problem confronting Germany is 
the adequate supply of those raw materials which enter 
into the iron and steel products, because, although her 
production has greatly increased, the domestic demands 
for her iron and steel were such that she found it necessary 
to increase her net imports of pig iron and ferro-alloys, raw 
steel and scrap, which were 572,000 tons in 1937, to 1-1 
million tons in 1938. 

In considering Germany's raw material position, Mr. 
C. W. Wright* points out that Germany imports large 
quantities of pyrites. The present domestic production is 


*Economic Paper, No, 19, of the U.S. Bureau of Mines; “The Iron and Steel Indus- 
tries of Europe.” 
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about 300,000 tons, chiefly from the Meggen district in 
southern Westphalia. Due to its zine content the cinder 
or ash from this pyrites, of which there is a stock of a few 
million tons, has not been used in blast furnaces. Experi- 
mental plants have demonstrated that the zine content 
may be removed so as to yield a marketable zine product, 
as well as a raw material for the iron and steel industry. 
Large plants have now been constructed for utilisation of 
this source of supply, which at most can add only a small 
percentage to the present iron requirements. 

Germany has been in the habit of importing large 
quantities of scrap iron to meet industrial requirements, 
principally from the United States ; owing to the shortage 
of foreign exchange, imports were reduced to 331,000 tons 
in 1936, but were increased to about 1,146,000 tons in 1938, 
including 463,000 tons from the United States. However, 
a greater amount of domestic scrap was consumed, and no 
effort has been spared to increase collections of it in 
Germany to obviate the necessity of imports. Scrap is 
becoming an increasingly important raw material in open- 
hearth steel manufacture, since the percentage used in 
Germany is gradually increasing, and now averages about 
40°). 

Apart from iron ore, the German iron and steel industry 
is experiencing some difficulty in obtaining adequate 
supplies of manganese ore. She has no important deposits 
of commercial grade manganese ore, but rather large 
reserves of maganiferous iron ores—namely, the siderite 
ores in Siegerland with 6 to 7°,, manganese and the iron- 
manganese ores of the Taunus area, with just over 12°, 
manganese. In a report published in 1935, Dr. G. Einecke 
estimated that in 1934 570,000 tons of manganese was used 
in the production of 16,000,000 tons of steel, and of this 
359,000 tons of the metal was supplied from domestic 
slags and ores, and 175,000 tons (one-third) was imported, 
showing the importance of manganese scrap as a source of 
supply. This lack of a domestic manganese supply is a real 
handicap to the German industry. Research studies in the 
use of substitutes for manganese and the greater use of 
soda ash as a desulphurising agent in steel making already 
have resulted in a reduction of manganese requirements. 

Germany is also largely dependent upon imports for 
her supplies of alloying metals. Small quantities of these 
metals are contained in other ores mined in Germany, and 
small, unimportant, unrecorded amounts of concentrates 
are produced as by-products, but she depends almost 
entirely on imports for the supply of chromium, tungsten, 
nickel, cobalt, tin, molybdenum, and vanadium. Having 
large plants for the treatment of ores, it is usually more 
advantageous to import ores containing these alloy metals 
than the metal itself, and these imports have doubled 
during the last three years. 

Although a prolonged war will certainly hamper the 
German iron and steel industry, it should not be assumed 
that it will be crippled by the difficulties encountered in 
obtaining :upplies, but problems are being presented to the 
industry which cannot readily be overcome. 


The Iron and Steel Institute 
Statutory Autumn Meeting 


Tue Council of the Iron and Steel Institute anncunce that 
the Statutory Autumn Meeting of the Institute will be held 
on Thursday, November 23, 1939, at 3-30 p.m., at the Offices 
of the Institute, 4, Grosvenor Gardens, London, S.W. 1. 
Only formal business will be transacted at the meeting. 
This takes the place of the meeting which was to have been 
held at Cardiff on September 12-15, 1939, but which was 
cancelled. 

The Council also announces that the general activities 
of the Institute will be curtailed in order to release as 
many of the staff as possible for national service. Until 


further notice, no general meetings, additional meetings 
or joint meetings with local societies will be held for the 
presentation and discussion of papers. 
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Correspondence 


Ironfounders’ National Committee 

Sir,—This letter is addressed to ironfounders making all 
forms of cast and malleable cast iron, and irrespective of 
whether ironfounding forms the whole or only a part of 
their business, or whether they produce castings for resale 
or in the form of finished products. 

Firms and bodies essentially concerned with casting, and 
representing an annual tonnage of 1,800,000, met at York 
on September 15, with a view to seeing if it were possible 
to form a war-time organisation which would enable the 
industry to speak with one voice, irrespective of any 
sectional interests, and also to be a channel through which 
the Iron and Steel Control could speak to the industry as a 
whole. It was pointed out that there are approximately 
2,500 foundries and a variety of associations in the industry, 
and thus it was a practical impossibility for the Control 
to contact the industry, unless we had a central body which 
could function regardless of any sectional interests. 

It was agreed to constitute the Ironfounders’ National 
Committee for this purpose. (It should be noted that the 
word ‘Committee’ is employed to avoid the use of the word 
Association.”’) The following resolutions were passed :— 

(a) Assistance TO H.M. GovERNMENT. 

The members present, representing the Cast [ron 
Industry of Great Britain, unanimously agreed, for 
the purpose of assisting H.M. Government to obtain its 
defence requirements, that they would pool their 
technical and manufacturing resources. The Iron- 
founders’ National Committee had therefore been 
formed for this purpose. 

(6) HoNORARY OFFICERS. 

It was proposed, seconded, and unanimously agreed 
that Mr. V. Jobson be elected chairman. It was pro- 
posed, seconded, and unanimously agreed that the 
chairman, Mr. P. H. Wilson, Mr. J. K. N. Davis, and 
Mr. G. W. Allott, with a representative of the heavy 
industry, to be added later, form an Executive Com- 
mittee. It was proposed, seconded, and unanimously 
agreed that Mr. J. G. Pearce be appointed secretary. 

The Executive Committee, since then, have obtained the 
co-operation of Ley’s Malleable Castings Co., Ltd., and 
Mr. Francis Ley, their managing director, has been co-opted 
to the Executive. 

It must be fully understood that the I.N.C. is entirely 
an Emergency organisation, and that it does not intend to 
deal with questions outside those relating to castings, and 
that it is entirely non-sectional. 

The Executive Committee have met the Controller of 
[ron and Steel, and we are informed that the Iron and Steel 
Control would be agreeable to regarding the I.N.C. as 
representing and acting for the industry as a whole, on the 
understanding that it should function regardless of 
individual interests. 

Arising out of the above meeting, it was obvious that if 
the industry is to be of the assistance which we hope to 
H.M. Government, our activities as originally envisaged 
may have to be enlarged. 

The list of those present at York, a copy of which can be 
had on application, indicates the strong support that has 
been received for the course which is being pursued, and in 
order that we may speak with a completely united voice, 
we shall be glad to know that you support the action taken, 
and that the Committee referred to should represent the 
industry for the purposes mentioned. 

If you did not receive an invitation to the meeting at 
York, please accept my apologies ; there was no discourtesy 
intended, and someone had to get things started. 

Will you please address your reply to me, c/o the address 
given below,—Yours faithfully, 

V. Josson, 
October 12, 1939. Chairman, Executive Committee. 
Ironfounders’ National Committee, 
21, St. Paul’s Square, Birmingham, 3. 
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Aluminium and Highland 
Water Power 


The early struggles in the production of aluminium and its 
adaptation to the arts and crafts have probably been forgotten 
or overlooked. It is noteworthy, therefore, that Mr. W. 
Murray Morrison, in the Autumn Lecture* to the Institute 
of Metals, describes the establishment and subsequent growth 
of the industry in Scotland, brief reference to which is made 


in this article. 


HE aluminium industry in Scotland must imply, 

! to a large extent, a history of the British Aluminium 
Co., Ltd., and it is inevitable that considerable 
reference would be made to that company. Speaking 


about the early difficulties in the production of the metal -" 
and the manner in which they were overcome, Mr. Morrison The Laggan eee 
recalled that the first aluminium produced in this country Dam_ show- 

cost £20 per lb. in 1855, a figure that was reduced to 18s. we Benny 

per lb. in 1886. The following year, Héroult in France and dahanaies, 


Hall in America independently invented the electrolytic 
process for production of aluminium—alumina, the oxide of 
aluminium, being electrolised at a temperature of about 
1,000° C. in a molten bath of cryolite (a double fluoride of 
aluminium and sodium), a carbon electrode forming the 
anode which combines with the oxygen of the alumina, and 
a carbon lining to the pot forming the cathode on which 
the molten metal is deposited. 

Although many and varied modifications have been 
made in plant design, the Héroult and Hall process remains 
the basic feature of world aluminium processing to-day. 
The essential raw materials are, therefore, alumina, cryolite, 
and pure carbon. In fact, purity is essential in all the 
materials. Of the many ores containing alumina, bauxite 
is the one which lends itself most readily to the satisfactory 
extraction of alumina; cryolite is found in a natural 
state in Greenland, but can be produced synthetically ; and 
carbon for the electrodes is obtained from coke from several 
sources. Another essential is a cheap and continuous 
supply of electrical power, this representing one of the 
major factors in the cost of production. Analysis shows 
that about 24 units of electricity (direct current) are 
needed to produce | ton of aluminium, so that a cheap 
source of power is imperative. 

The British Aluminium Co., Ltd., was formed to acquire 
the British rights of the Héroult and Bayer process (the 
latter being that in which the bauxite is treated with 
caustic soda), and the Falls of Foyers (Loch Ness) was 
chosen as the site for the water-power supply. A dam was 
erected, increasing the depth of Loch Garth by 20 ft. and 
joining that loch with Loch Farraline to form a reservoir 
4} miles long. A tunnel half a mile long was cut through 
the solid rock and conveys the water to the power-house, 
where a static head of 350 ft. is obtained. 

The original 30-in. diameter cast-iron pipes with leaded 
joints are still functioning satisfactorily. Five turbines 
with direct current generators, with a total capacity of 
5,000 h.p., and two smaller auxiliary units, were installed. 
The main generators operated at 65 volts and 8,000 amps. 
They are still giving good service, and have been sup- 
plemented by four more of similar size since. To-day, the 
company are using furnaces taking as much as 40,000 amps. 

Bauxite deposits were secured in Co. Antrim ; an alumina 
factory was built at Larne; and a factory for carbon 
electrodes was built at Greenock, the latter factory also 
being supplied with water power. The initial production of 
the Foyers’ plant was about 200 tons a year, but this could 
not be disposed of with any facility, and the company 


* J. Inst. Metals, September, 1939. Will be published in permanent form in the 
Jour. of the Inst, of Metals, Vol. LXV, 1939, 


experimented in the production of other commodities 
requiring water power for their processing. 

The 35% alumina content of the Irish bauxite, with the 
further detriment of 15° silica, did not allow economical 
purification by the Bayer process; this source was 
eventually abandoned in favour of large deposits in the 
south of France, the ore os these averaging 58-60°, 
alumina, 3° or less of silica, 2°, titanic acid, and 25% 
ferric oxide. The production of aluminium at Foyers was 
increased to 300-400 tons a year. It was not easy to find 
a market for all of this, and a stock of some 700 tons 
accumulated over a period of seven years. This stock, 
however, was cleared after an interval of several years, 
during which considerable doubts were raised as to whether 
the metal would corrode or otherwise deteriorate. 

When the Foyers’ works came into production in 1896, 
the total world agp of aluminium was only 2,000 
tons, this increasing to 9,000 tons by 1904. A few years 
after the Foyers’ property was purchased, the Highland 
Water Power Syndicate was formed, with the aim of 
developing the water power of that district by the diversion 
of the waters of Loch Ericht to the Blackwater area. Loch 
Leven Water Power Acts were obtained in 1901 and 1904, 
and contracts were let for the construction of the Black- 
water dam, a conduit, a pipe track, a power-house at 
Kinlochleven, a carbon electrode factory, and an aluminium 
producing factory. The dam is more than half a mile long, 
with a maximum height of 85 ft. and breadth of 62 ft. at 
its base, creating a reservoir 8 miles long and containing 
over 24,000 million gallons of water. 

The power-house contains 11 hydro-electric units of 
3,200 h.p. each, and auxiliary plant for supplying power 
and light to the factories and village. The total catchment 
area of the Kinlochleven scheme is now about 66 square 
miles. The final extensions of the Kinlochleven works 
raised the productive capacity of the company in this 
country to some 10,000 tons a year. 

The increase of output demanded an increased supply 
of alumina. Larne Harbour factory had been extended 
to its limits, so an alumina factory was erected at Burntis- 
land, on the Firth of Forth, in 1913, a site that is con- 
veniently situated for the importation of large quantities 
of bauxite and coal, and for the exportation of alumina to 
Norway. A third alumina factory was built at Newport, 
Mon.; there was already a plant with rolling mills at 
Milton, Staffs.; other rolling mills were erected at 
Warrington. 

World production increased from 70,000 tons in 1913 to 
150,000 tons in 1919. Industrial demands were ever 
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increasing, and the Lochaber Power Company was set up 
under the terms of the Lochaber Water Power Act of 1921, 
which sanctioned works for the utilisation of Inverness- 
shire waters from a catchment area of over 303 square miles. 
The first production of alaminium at Lochaber commenced 
in 1929, world production having then increased to 270,000 
tons. A second stage of work was commenced in 1931, 
entailing the erection of dams for the raising of Loch Trieg 
and Loch Laggan and the drilling of a 3-mile tunnel to 
divert the water from the latter to Loch Trieg. The pipe- 
line from the tunnel to the power-house is of steel, 69-in. 
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average diameter internal measurement, welded longi- 
tudinally and delivered .in 30-ft. sections that were 
electrically welded at the circumference in situ. The 
static head depends on the level of Loch Trieg, varying 
from 819 ft. to 695 ft. The present power-house equipment 
consists of ten hydro-electric units of 10,000 h.p. each, and 
of auxiliaries. 

The third stage will involve the diversion of the head 
waters of the River Spey into the Laggan-Trieg system, 
with extension of pipe-lines, power-house, and additional 
aluminium factory. 


Anodic Coating of Aluminium Alloys 


The results are given of an investigation designed to determine what becomes 
of the various elements and constituents of aluminium alloys when they are 


anodically oxidised. 


The results show that different constituents have 


different oxidation characteristics, which determine to some extent the results 
when various types of alloys are treated. 


HE widespread use of the electrolytic oxidation 
process for coating aluminium alloys in order to 
obtain improved resistance to abrasion and corrosion 

and a pleasing surface finish, has led to several investigations 
on the effect of the oxidation process on different types of 
commercial aluminium alloys. With the oxidation process, 
such specific characteristics of the oxide film as appearance, 
colour, density and porosity are related to the type of alloy, 
the treatment of the alloy, the electrolyte employed, and 
the coating conditions. What becomes of the various 
elements and constituents in aluminium alloys, when 
anodically oxidised, is a subject of great interest, and in 
order to examine such alloys and to determine the behaviour 
of their alloy constituents an extensive investigation has 
been carried out recently by F. Keller, C. W. Wilcox, 
M. Tosterud, and C. J. Slunder.* 

Before starting the investigation, it was recognised that 
many of the characteristics of oxide coatings could be 
studied to advantage by metallographic methods, and that 
by examining polished cross-sections of anodically oxidised 
samples, the continuity and thickness of the oxide coating 
and the microscopical features of the basic material, which 
might influence oxidation characteristics, could be deter- 
mined. The amount of information, however, which could 
be obtained by microscopic examination of oxidised samples 
by the usual metallographic methods was somewhat limited, 
and it was considered necessary to develop new methods of 
preparation to enlarge the scope of metallographic investi- 
gations. 

Cross-sections of oxide coatings on aluminium do not 
reflect very much light back through the optical system of 
the microscope, when they are examined under vertical 
illumination, consequently these coatings appear as a 
narrow dark bank in a light matrix. It was found that 
additional information regarding these coatings could be 
obtained by using reflected polarised light, and with such 
light it is possible to identify the anodic coating with respect 
to the type of electrolyte employed. Furthermore, it was 
possible in some cases to determine whether or not the 
oxide coating had received a sealing treatment as well as 
the type of sealing treatment applied. 

Another method of preparing specimens of anodically 
coated aluminium developed in order to determine the 
effects of variations in microstructure, consisted in oxidising 
the surface of a metallographic specimen, which has been 
polished in the manner required for ordinary microscopic 
examination. Since the anodic coating on such a sample is 
ordinarily very smooth, the characteristics of the coating 
and the microstructure of the interface can be observed by 


* Meials and Alloys, 1939, Vol. 10, No. 7, pp. 187-195; No. 8, pp. 219-225, 


examination of the surface of the oxidised specimen with 
the aid of either vertical or dark-field illumination. 

A third method of preparing specimens and one not 
hitherto used was the preparation of thin sections of the 
oxide coatings themselves in the manner that thin sections 
of rocks and minerals are made for petrographic examina- 
tion by means of either ordinary or polarised light. By 
the use of this method, it was found that the oxide layer 
on an oxidised aluminium alloy has a definite microstructure 
and that this microstructure is related to the microstructure 
of the metal from which the coating was formed. It also 
appeared that anodic coating characteristics, such as colour, 
streaking and uniformity of surface appearance, could be 
related to the uniformity of the microstructure of the oxide 
coating itself more than to an etching effect of the electrolyte 
on the metal surface at the interface. 

To determine how the anodic oxidation characteristics of 
an aluminium alloy were influenced by alloying con- 
stituents which are in solid solution, by constituents which 
are rapidly dissolved or oxidised by the anodic treatment, 
and by constituents which are not appreciably dissolved 
or oxidised, a series of aluminium alloys, having constituents 
common to commercial aluminium alloys were prepared 
for microscopic examination. Samples were made from 
99-95°,, aluminium and high purity alloying metals, the 
amount of the latter metals added being in most cases 
greater than those usually found in commercial alloys in 
order to obtain large constituent particles to facilitate their 
microscope examination. For a similar reason, the various 
alloys were cast in hot graphite moulds. After the cast 
samples were machined and faced, they were electro- 
lytically oxidised in electrolytes containing 15°, sulphuric 
acid and 9-5°%, chromic acid respectively, before being 
sectioned and polished for examination. 

The alloying constituents which form solid solutions 
with aluminiums are principally copper, magnesium, silicon 
and zinc. When these constituents are uniformly dispersed 
in solid solution in the aluminium, the uniformity of the 
oxide coating is similar to that obtained in the case of a pure 
metal. Cast aluminium alloys, however, because of their 
manner of solidification, are not homogeneous throughout, 
and due therefore to microstructural differences, different 
regions of the cast grains are shown to have different 
oxidation characteristics. If such alloys, however, are 
susceptible to solution heat-treatment, whereby a uniform 
distribution of such constituents in solid solution results, 
oxidation characteristics are improved by such treatment. 

Of the 18 constituents given in Table I, five (Si, Al-Mn, 
Cr Al, Al-Cr-Fe, and Al-Cu-Fe-Mn) were not dissolved or 
oxidised as rapidly as the anodic matrix in a sulphuric 
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acid electrolyte, and four (Si, Al-Mn, Al-Cr-Fe, and 
Al-Cu-Fe-Mn) were not dissolved or oxidised as rapidly 
as the aluminium matrix in a chromic acid electrolyte. 
It was expected, therefore, that these constituents would 
remain in the anodic coating in a substantially unchanged 
condition. All the other constituents were dissolved or 
oxidised either at the same rate or more rapidly than the 
aluminium matrix. Under some conditions, however, it 
was observed that constituents such as Fe Al, and Mg,Si, 
which should be dissolved or oxidised during the anodic 
treatment, were present in the oxide coating. Apparently, 
these constituents were cut off from the matrix before they 
had been completely dissolved or oxidised by the electro- 
chemical process. As long as the constituents made 
electrical contact with the matrix, the electro-chemical 
action continued and the results depended upon the 
electrolytic potential of the matrix. 


TABLE I. 
Nominal 
Alloy No. Constituent. Composition. 

1 Si 20% Si 

2 Cr Al ‘e 5% Cr 

3 Al-Cr-Fe 4% Fe, 4%Cr 

Cu Al, an 10% Cu 

5 6 Al-Mg 7 15% Mg 

6 Al-Cu-Mg - 6% Mg, 4% Cu 

6 Al-Cu-Ni me 4% Cu, 4% Ni 

Mg,N, 5% Mg, 25% 2N 

9 ee Ni Al, oa 7% Ni 
10 os Fe Al, ee 6% Fe 
ll Al-Mn 5% Mn 
12 Mg, Si 25% Mg.Si 
13 oe a Al-Cu-Fe da 2% Fe, 2% Cu 
14 ae 6 Al-Cu-Fe - 2% Fe, 5% Cu 
15 - a Al-Fe-Si od 3% Fe, 9% Si 
16 os B Al-Fe-Si os 5% Fe, 15% Si 
17 as Al-Fe-Mn -- 26% Fe, 3% Mn 
18 oe Al-Cu-Fe-Mn .. 2% Fe, 2% Cu, 2% Mn 


Silicon furnished the best example of a constituent which 
is not noticeably dissolved or oxidised by the anodic 
treatment. When elemental silicon was present in excess 
of its solubility in an aluminium alloy or as a precipitate 
resulting from thermal treatment, followed by slow cooling 
or a low temperature ageing, it was not dissolved or oxidised 
during the anodic treatment. This is explained by the fact 
that when silicon was made the anode in a sulphuric acid 
electrolyte, the normal current density of 12 amperes per 
sq. ft. was not obtained until a potential of about 64 volts 
was applied, as against a potential of about 15 volts for 
aluminium, so that in an aluminium-silicon alloy the current 
passes to the aluminium matrix because it is the low 
resistance path, and around the silicon particles without 
altering the silicon. In some cases small particles of 
aluminium may be blocked by the silicon particles from 
receiving any current, so that they remain in the oxide 
coating as unoxidised particles of aluminium. 

With the exception of the constituents described, it was 
apparent from the examination of the cast samples that 
the other constituents found in cast aluminium alloys are 
dissolved or oxidised to the same extent or more readily 
by the current than the aluminium matrix during the 
oxidation treatment. A typical example is the inter- 
metallic compound Cu Al,. On the 10°, aluminium copper 
alloy only a very thin film of aluminium oxide was formed 
when the sample of this alloy was oxidised in a sulphuric 
acid electrolyte for 2 hours at a current density of 12 amperes 

r sq. ft. Similar oxidation characteristics were observed 
with the 6 Al-Mg, MgZng, Al-Cu-Mg, a Al-Cu-Fe, 8 Al-Cu-Fe 
and Al-Cu-Ni constituents. In alloys containing these 
constituents the oxidation apparently followed the con- 
stituent particles along the grain boundaries and the 
dendrite arms, and penetrated the metal to an appreciable 
depth, so that the aluminium surface available to conduct 
current was greatly increased, and the result was a decrease 
in the current density as calculated from the ordinary flat 
surface. Furthermore, the constituent network takes a 
large part of the current, and only a thin oxide coating is 
formed on the matrix. 
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A study of the effects of oxidation in chromic acid 
electrolyte on various constituents showed that many of 
the constituents dissolved or oxidised more readily and to a 
greater degree than when sulphuric acid was used. Some 
constituents which were not oxidised in the sulphuric acid 
electrolyte were oxidised readily in the chromic acid 
electrolyte, a condition to be expected since a much higher 
potential is required to produce an anodic coating on 
aluminium when chromic acid is used as an electrolyte. 


Another point of some importance in connection with the 
oxidation characteristics of aluminium and shown to be 
related to the alloy and oxidation characteristics of the 
constituent. of the alloy is the colour of the anodic coating; 
Copper in solid solution in certain amounts gave the anodic 
coating a decidedly golden colour, and this colour results 
from the adsorption by the oxide coating of oxidation 
products from the copper which was in solid solution. 
Magnesium silicide imparted a bluish metallic tint to the 
oxide, manganese gave a brown tint, and chromium 
produced yellow-tinted coatings. These coloured oxide 
coatings were not so transparent as the coatings on pure 
aluminium, due to the presence of the coloured oxide 
products, but in some cases it was possible to change the 
colours by suitable thermal treatment prior to oxidation. 


It was observed that aluminium silicon alloys under 
some conditions formed oxide coatings which did not have 
a metallic lustre and which had a brown to black colour. 
This condition was considered due to the silicon not dis- 
solving or oxidising in the anodic process. The colour of 
these coatings was regarded as a function of the amount 
and size of the particles of silicon, large enough to be 
visible under the microscope, dispersed throughout the 
oxide coating. In addition to affecting the appearance of 
the coatings, adsorbed, oxidation products of all the 
metals probably affect other characteristics of the coatings, 
such as hardness and porosity. 

In general, the fundamental facts regarding the oxidation 
characteristics of various micro-constituents of aluminium 
alloys revealed by the investigation may be used to explain 
variations in results obtained in the anodic oxidation of 
commercial aluminium alloys. It is evident from the 
results obtained that different constituents have different 
oxidation characteristics, and that these characteristics 
determine to some degree the results obtained when the 
various types of aluminium alloys are treated by the anodic 
oxidation process. 


World’s Principal Source of Nickel 


CanapDA furnishes abeut 90°, of the world’s annual pro- 
duction of nickel. With the exception of small quantities 
recovered from the silver-cobalt ores of northern Ontario, 
the entire Canadian output of nickel comes from the nickel- 
copper deposits of the Sudbury area, also of northern 
Ontario. Other deposits of nickel-bearing minerals are 
known to occur in northern and north-western Ontario, 
New Brunswick, Manitoba, British Columbia, and on the 
west coast of Hudson Bay, in the North-West Territories. 

The operations of the Sudbury area are divided between 
two corporations, much the larger of which is the Inter- 
national Nickel Co., which works several mines, treats the 
ores in its own smelter in the area, and produces refined 
nickel in the company’s refinery at Port Colborne, Ontario. 
The other company, Falconbridge Nickel Mines, Ltd., 
produces nickel-copper matte from its own mine and 
smelter near Sudbury, but exports the matte to Norway 
for refining. 

Canada’s nickel production in 1938 amounted to 105,337 
tons, or 6-3° below the all-time peak of 1937. The latter 
was, however, more than double the pre-depression peak 
of 1929, indicating the rapidly increasing use of the metal 
in recent years, largely for the production of nickel steels, 
nickel cast iron, and nickel-copper and nickel-silver alloys. 


| 
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Reviews of Current Literature 


Semi-Conductors and Metals 

[Nn one of a series of tracts, published to provide authoritative 
accounts of subjects of topical physical interest, written by 
those actively engaged in research, an introduction to the 
electron theory of metals is dealt with so as to cover 
advancements which have been made during the last 
ten years. The fundamental principles which are necessary 
for a general discussion of the subject are first stated, and 
then the theory is more intimately discussed with reference 
to the energy levels of a three-dimensional crystal, and 
methods for calculating such levels are reviewed with a 
view to elucidating the more intricate points of the theory. 
In doing so, an attempt has been made to deal with the 
subject in as elementary a manner as possible, and although 
this has been attained to a certain degree, the subject is so 
advanced that there are many points which the general 
reader and even those who have a more than general know- 
ledge of the subject will find difficulty in following. To 
scientific metallurgists, however, the value of the publica- 
tion lies in the chapters devoted to the application of the 
theory to the structure of metals, semi-metals, and alloys ; 
to semi-conductors with particular reference to the influence 
of impurities on such conductors and their use as crystal 
rectifiers ; to the thermal and magnetic properties of 
metals ; and to the electrical and thermal conductivity of 
metals and alloys. In those chapters, the author, dealing 
with those physical properties of metals, puts forward the 
various theoretical considerations which have been devel- 
oped, and compares them with experimental results, and 
by doing so treats the subject in a manner which makes 
the study of it more easily appreciated by the interested 
reader. In this respect, the very full references at the end 
of each chapter covering recent investigations on the 
subject adds considerably to the value of the publication, 
which is one well worth the attention of everyone interested 

in the scientific structure of metals. 
By A. H. Witson, Cambridge Physical Tracts.” Pub- 
lished by Cambridge University Press, Bently House, 

200, Euston Road, London, N.W.1. Price 7s. 6d. 


Protective Coatings for Metals 

In view of the tremendous waste caused by the corrosion 
of metals, it is not surprising that, during recent years 
in particular, considerable scientific research has been 
directed to means for preserving metal structures, and the 
advances made, especially in metal coatings, have been 
so numerous and important that they have led to great 
economy by increasing the service of structures where 
the results of research have been applied. In the class of 
meta! coatings progress has been especially striking in the 
field of electroplating. Not only have plating methods been 
extended and applied on a mass-production scale, as in 
the zinc-coating of wire and the tin-plating of continuous 
steel strip, but entirely new processes, such as bright 
plating, have been developed. The perfecting of the 
anodic oxidation process for aluminium has assisted 
greatly in successfully establishing the position of this 
metal as an engineering structural material, and much the 
same can be said of magnesium. Improvements in older 
methods of coating, though not so spectacular, have been 
just as important industrially, as is evidenced by the 
exceedingly widespread use of the phosphate treatment for 
sheet steel in automobile bodies and other shapes prior 
to the application of the finishing coat. 

The active interest manifested during the past few years 
in investigations on the general subject of the corrosion 
of metals has led to the carrying out of long-time exposure 
tests which yielded much new basic information having a 
direct bearing on our knowledge of the useful life of coatings 
and coated metals. A great deal of this information is 
incorporated in the discussion of the different types of 
coatings given in this book. Considerable space is also 


devoted to the preliminary preparation of metal surfaces 
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before the application of the coating since the quality of 
any coating is so dependent upon this factor. 

This book is designed primarily for those who have 
problems of protection ; it is not intended to be a manual 
for the production of protective coatings, although con- 
siderable information is given on this phase of the subject 
so that the reader may have a better understanding of the 
nature of the various coatings. In addition to metal coat- 
ings, the book gives considerable information on coatings 
of a non-metallic nature, these are now so widely used in 
competition with or interchangeably with metallic coatings 
that the value of the book is greatly increased by the 
extension which includes paints and other applied organic 
coatings. It is one of the series of monographs produced 
and published by the American Chemical Society by 
arrangement with the Interallied Conference of Pure and 
Applied Chemistry, and in consequence the information 
contained in this book is reliable. 

The subject-matter is presented in a very able manner, 
and some indication of the comprehensive manner in 
which it is discussed may be judged from a summary of 
the contents, which deals broadly with protective coatings, 
the mechanism of corrosion and surface preparation for 
the application of coatings ; then more detailed information 
is given on types of metallic coatings and methods of 
application ; zine coating by the hot-dipping process ; 
zine coating by electroplating and cementation; the 
protective value of zine coatings ; cadmium coatings and 
their protective values ; tin coatings ; nickel and chromium 
coatings ; coatings of copper, lead, aluminium and mis- 
cellaneous metals; coatings of noble and rare metals ; 
methods of testing metallic coatings; composition of 
paints and mechanism of film formation ; the durability 
and evaluation of paints ; paint practices and miscellaneous 
coatings. The book presents the knowledge available on 
these detailed sections in a form intelligible to those whose 
activities may be along a wholly different line and will be 
found invaluable in a wide field of other work. To those 
who are more directly concerned with protective coatings, 
the book will be extremely useful in bringing together the 
more-important results of reliable investigations that are 
largely responsible for present knowledge on the subject. 
In addition to the subject index, a comprehensive author- 
index is also given. 

By R. M. Burn, Ph.D., and A. E. Scnun, Ph.D. 
Published by Reinhold Publishing Corporation, 330, 
West Forty-second Street, New York, U.S.A., and 
Messrs. Chapman and Hall, Ltd., 11, Henrietta Street, 
Covent Garden, London, W.C. 1. Price, 32s. 6d. net. 


The Welding of Cast Iron 


Tuts book deals in a practical way with the process of 
welding cast iron by the oxy-acetylene method. It deals 
with gases employed, varieties of generating plants, com- 
position of welding rods and fluxes, some facts in the 
metallurgy of cast iron relating to welding, and methods 
of preheating parts to be welded. The low-temperature 
welding of cast iron is explained, as well as bronze welding 
and some of its many uses, 

- The use of the welding process as a means of repairing 
iron castings, and also in reducing the number of castings 
in the foundry which would otherwise be scrapped, has 
made considerable headway. Although the practice of 
“ burning-on ”’ in the foundry is still resorted to, because 
the welding process is not adequate in all cases, the majority 
of repairs can be more successfully performed by means of 
oxy-acetylene welding. The practice of heating the whole 
or parts of a casting to be welded is just as necessary as 
when “ burning-on ”’ is resorted to ; but in the latter case 
a considerable quantity of fluid metal must be poured 
against that part of the casting to which new metal is to 
be added to ensure fusion. In the oxy-acetylene method 
the damaged part can be heated to fusing point more 
readily and new metal is supplied by a welding rod. 

(Continued on page 214). 
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Elastic Properties of Cast Iron 


A new method of measuring the deflection of cast iron test bars under transverse 
loading is described, by which measurement of deflection under interrupted 
loading can be continued to the breaking point of the bar. 


NEW and comparatively simple method of a limiting value between 1,2001lb. and 1,4001b. In the 

. measuring the deflection of cast iron test-bars tests, the term “relative modulus of elasticity’ was 
under transverse loading is described by Alexander substituted for ‘‘ modulus of elasticity,’ owing to the fact 

I. Krynitsky and Charles M. Saeger, Jr.* By this method, that cast iron does not follow Hooke’s law exactly, and 
measurement of deflection under interrupted loading can because the term “ modulus of elasticity ’’ as applied to 
be continued to the breaking point of the bar; one cast iron is generally interpreted as indicating the relative 
main advantage of the method being that these measure- stiffness of the iron under its particular conditions of loading. 
ments are entirely independent of the rigidity of the The formula used for the relative modulus of elasticity was 
mountings of the bar or of the test machine. 
Three types of cast iron were tested. Iron A was a stove- 481D’ 
plate pig iron to which 10%, of basic open-hearth ingot jn pounds per square inch ; P is the load in pounds ; L is 
iron had been added ; Iron B represented the composition the span in inches ; I the moment of inertia ; and D the 
of a medium cylinder iron, but with slightly high carbon deflection (at load P) in inches ; the values of D being taken 
and rather low phosphorus ; and Iron C was a soft iron, from the elastic-deflection curves. The modulus of rupture 


such as would be used for general castings. The com- 2-546LS 
were. for each bar was calculated from the formula M= 


ee | M being the modulus for round bars ; L the span in inches 
Iron. Ph Silicon. |Manganese.| Phosphorus.) Sulphur. pet ween supports; S the breaking load; and D the 
B Wsnatsses seal diameter of the bars. The modulus of rupture for each of 
% % % % % these three irons and the effect of variations in maximum 
| | heating and pouring temperatures is shown in the graph. 
Cc 3-44 2-43 0-77 | 0-395 0-050 390 @ MAXIMUM HEATING TEMPERATURE 1400°C 
. 1800 
The properties shown by Iron A were more susceptible , i ; oe 
to variations in the maximum heating temperature than = 
those of B and C; these variations in the maximum 2:30} 
heating temperature to which the liquid metal was heated 3 
affecting the composition and structure of the bars, and = say 4 
increase of this temperature decreased the amounts of total 3 se 
and graphitic carbon whilst decreasing the size and in- ¥ 27 
creasing the uniformity of distribution of the graphite 3 
particies ; which naturally had the effect of increasing “**°[ 
both transverse strength and elastic properties. = 230 ” 
But variations in the pouring temperature of the test- ~,,,[ 
bars had less effect on composition, structure and properties ‘. 


than did the variations in maximum heating temperature, — 
POURING TEMPERATURE °C 


although there was an inclination for some of the pro- 
perties to decrease if the pouring temperature was increased. 
This was noticed in the case of Iron A, : 

In considering the plastic, elastic and total deflection 
of the bars, the total and plastic deflections were ascertained 


80 MAXIMUM HEATING TEMPERATURE 1400°C 
. ‘ ° = under increasing loads, and the elastic deflection taken as 
7s} 1700 being the difference between the total and plastic deforma- 
tions. It was observed that A has the highest breaking 
ror ] strength and about the same deflection at breaking load 


as Lron C, whilst Lron B has about the same breaking load 
as Iron C, although with considerably more deflection at 
4 rupture. 

The resilience values of Irons B and C were found to be 


~~ } similar, but the curves for Iron A were quite different, 
showing a definite decrease in resilience with increasing 


pouring temperatures, at least up to 1,450°C. Although 
__4 there was an increase in resilience at the higher maximum 
1400 14801300 1380 1400 1480 1800 1900-1380 4001480 heating temperatures, this was less evident as the tempera- 


Effect of sindimnemn Seecaiee. tamndene and pouring tures reached the higher levels, and the influence on the 
characteristics of stove-plate pig iron with a 10°, addition 


temperature on the modulus of rupture of three irons. 
of basic open-hearth ingot iron was definitely marked. 


The results of these tests shows that the first portion of The method of measuring deflection of these bars under 
the elastic deflection curve is a straight line, and that at transverse loading was to clamp a rubber band tightly 
approximately half of the breaking load the curve begins along the length of each bar, using clamps which embraced 
to incline towards the deflection axis. All bars to the the bar and held the rubber tightly stretched and near to, 
composition of Iron A showed points of inflection at loads but not in actual contact with, the iron. The spacing of the 
between 1,400 lb. and 1,800 lb., whilst Irons B and C had two clamps corresponded to that between the supports 


MODULUS OF IN THOUSAND LO/SQ IN 


*US. Department of Commerce. National Bureau of Standards. R.P. 1176. (Part for the bar in the testing machine, and was 18 in. in this 


of Journal of Research of the National Bureau of Standards, Vol, 22. Obtainable from . 
the Superintendent of Documents, Washington, D.C. 15 cents, case. A reference mark was attached to the bar, midway 
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was 


214 METALLURGIA 


between the clamps and supports. The bar was placed in 
the machine and viewed through a micrometer telescope 
at 20in. distance, to measure the distance between the 
lower edge of the rubber band and the top edge of the 
reference mark. As the bar deflects under the loading, 
the reference mark moves away from the rubber band for 
the latter remains as a straight edge connecting the central 
portions of the bar at the two supports. Thus the deflection 
and the permanent set of the bar could be measured 
accurately ; in fact, the maximum error in reading deflec- 
tions was found to be less than + 0-002 in., even allowing 
for personal and telescope errors. 


1939 


The bars were mounted in a universal test machine of the 
hydraulic type, of 50,000 lb. capacity, the rate of loading 
corresponded to 0-12 in. per min. travel of the free cross- 
head of the machine. A load of 50 lb, was sufficient to seat 
the bar firmly, but not enough to produce any noticeable 
plastic deflection. The application of this load and the 
distance between the rubber band and the reference mark 
was determined as the zero reading. The bar was loaded 
in steps of 100 lb. or 200 lb. each until the breaking load 
was reached and the deflection of the bar under each 
variation of load was recorded. Unloading of the bars 
did not affect the deflection under subsequent loads. 


Corrosion of Metals in Phosphorus 
Producing Plant 


Some tests on materials used in phosphorus producing plants are discussed ; 
they were designed to determine the service likely to be expected from certain 
materials used in this type of plant. 


concerned with processing crude phosphoric acid. 
Resistance to attack by phosphoric acid was 
ascertained for certain metals at the Tennessee Valley 
Authority phosphate fertiliser plant, where phosphorus is 
produced by smelting phosphate rock in electric furnaces.* 

It was found that, in general, the rate of corrosion was 
increased considerably with an increase of temperature, 
but that in crude acid the low concentrations were more 
corrosive than the higher concentrations. This was 
explained as being probably due to the greater proportion 
of fluorides in the low concentrations. The corrosion 
rates were also increased by aeration of the acid. Resistance 
of metals to corrosion by crude phosphoric acid varied 
according to the presence of such impurities as fluorides ; 
the presence of sulphuric acid causing an increase in the 
corrosion rate of iron and brass, but giving the reverse 
effect in the case of lead ; whilst arsenic tended to prevent 
the corrosion of iron and iron alloys, and halogens aided 
the rapid corrosion of stainless steels. 

The two main corrosion problems which received special 
attention were those concerning cooling tubes in the 
combustion chamber, and with electrode wires in the 
electrostatic precipitators. It was found that when small 
samples were exposed to crude, concentrated phosphoric 
acid in an electric furnace under normal working conditions, 
the cast nickel alloys with large percentages of silicon, 
chromium and molybdenum had the lowest corrosion rates ; 
the cast silicon iron alloys being rated next in order of 
corrosion resistance. Next in this order of merit came the 
chromium-nickel-molybdenum low-carbon steels and the 
18—8 chromium-nickel steels, followed by the 26—30 
chromium steels and the copper alloys. 

It was noticed that corrosion by dilute phosphoric acid 
from a phosphorus settling tank was less than that caused 
by concentrated acid; this applying especially to the 
ferrous alloys. 

The comparatively low rate of corrosion of ordinary 
carbon steel evidently makes this demand consideration 
for service in the electrostatic precipitators. Very low 
corrosion rates were shown by the 26—30 chromium steels, 
the 18—8 chromium-nickel steels and some of the high 
nickel-alloy alloys, under exposure to the corrosive gases 
from the furnaces. It should be noted, however, that the 
silicon-iron alloys showed a greater corrosion rate here 
than when exposed to the crude concentrated acid, and 
that comparatively high corrosion rates were shown by 
the copper alloys. 

Confirmation of some of these tests is given by actual 
experience in the plant, where silicon-iron pipe has been 


G ‘eoncerne serious corrosion problems arose in a plant 
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used successfully for handling the crude concentrated 
phosphoric acid for long periods (two years in some cases) 
without failure, and brass piping has also given good ser- 
vice in the conveyance of both dilute and concentrated acid. 

Test conditions showed that water-cooling tubes in 
contact with gases from an electric phosphate smelting 
furnace proved that the lowest rates of corrosion were 
possessed by copper tubes and by 18—8 chromium-nickel 
steel tubes, but that the considerably lower cost of cast- 
iron tubes and their relatively good corrosion resistance 
made them strictly comparable on a cost basis. 

Finally, tests of wires in the electrostatic precipitator 
for the recovery of crude concentrated phosphoric acid 
pointed to 18—8 chromium-nickel low-carbon steel, with 
some molybdenum as being the best material for this pur- 
pose. In actual practice, silver wires had been used in this 
precipitator, and experiments had been made with brass, 
silicon-copper and tantalum wires. The brass wires failed 
in three to seven days, probably from dezincification ; the 
tantalum wires, on the other hand, showed no reduction 
in diameter after three months’ service, but became so 
brittle that they were easily broken when the chamber 
was cleaned ; photomicrographs indicate separation at the 
crystal boundaries, possibly caused by hydrogen embrittle- 
ment through the attack of hydrofluoric acid. 

The field tests of small samples have certainly shown that 
these can be used to forecast performance ability in service 
with very close accuracy, and this is proved in certain 
cases by the actual experience in the plant itself. 


The Welding of Cast Iron 
(Continued from page 212). 

One of the main problems associated with the welding 
of iron castings concerns the expansion and contraction of 
the metal—the same difficulties are encountered in this 
respect as in the practice of burning-on; it is noteworthy, 
therefore, that the author gives particular attention to 
this problem in a chapter dealing with preparation and 
welding of castings. An informative chapter gives some 
theoretical details on cast iron, while other chapters deal 
with gases, systems of oxy-acetylene welding, welding 
rods, low-temperature welding of cast iron, and bronze 
welding. For a small book, such as this is, it provides 
much useful and helpful information on this aspect of 
welding by setting out and tabulating available knowledge 
that can be directly applied. It is of particular value to 
the beginner, though the experienced welder will find in 
it much useful information of a specialised character. 

By L. Trppennam, M.I.Mech.E. Published by Sir 

Isaac Pitman and Sons, Ltd., Parker Street, London, 
W.C. 2. Price, 4s. net. 
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Recent Developments in Materials, 


Tools and 


A New Shock Resisting Steel 
OS development has been made in 


recent years to meet the need for stronger steel 

castings. The improvement has been necessitated 
to some extent by developments in other ferrous and non- 
ferrous metals and alloys for high-duty conditions. Some 
years ago, for instance, Messrs. Kryn and Laby (1928), Ltd., 
Letchworth, Herts., made castings in a newly-developed 
material known as K.L. “ Stronger Steel.’’ Steel castings 
in this material now have a very wide application, and 
include ship’s davits; pressure castings, such as steam 
chests and stop-valves ; railway castings, including wheel 
centres for the London Passenger Transport Board ; ex- 
cavator and crane castings ; traction motor frames ; gear- 
wheels ; electro-magnet bodies and other components of 
electrical machinery. This material combines the strength 
of high-tensile steel with the ductility of mild steel; it 
has a tensile strength of 35-40 tons per sq. in., a minimum 
elongation of 20° on the standard B.S.S. test-piece, with 
a minimum angle of 120° in the cold-bend test without 
fracture. 


Structure of new ‘“ High- 


Structure of ordinary 
35-40 tons tensile steel, 
annealed. 


Shock ’’ steel, annealed. 
Note smaller grain size. 


A new development by this firm, and known as K.L. 
* High-Shock ” Steel, is a modification of their “ Stronger 
Steel’ material. It is the result of intensive research 
during the last two years, and shows, in addition to the 
properties already mentioned, a yield-point of 60°, or 
more of the ultimate tensile strength, and a resistance to 
shock, as represented by Izod tests, of not less than 
20 ft.-lb., which is two or three times the normal figure 
for carbon steel castings of this tensile strength. These 
properties are obtained without the necessity for drastic 
heat-treatment. The structure of this steel is shown in 
the accompanying illustrations. 

The applications of this new steel are considerable, and 
it will undoubtedly find a large outlet for the manufacture 
of components which are subjected to severe shocks. 
Moreover, the higher yield-point will give the designer 
further scope for saving weight. Since the development 
of this steel it has been successfully applied to excavator 
castings and automatic couplers for railway rolling stock. 
Above we mentioned the use of K.L. “ Stronger Steel ” 
for ship’s davits, which some two or three years ago had 
been passed by Lloyds and the Board of Trade for loads 
up to 25%, greater than was previously permitted. With 
the advance in yield-point and shock-resisting properties, 
certain davits for special duties have recently been passed 
by the authorities for a further increase of up to 10% 
loading for the same frame size. In the accompanying 


table are given the results of tests, made in the presence 
of Board of Trade and Lloyds’ surveyors, on British 
Standard test-pieces of this new shock-resisting steel :— 
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Equipment 
Diameter of Test-pieces, 0-564 in. 
Tensile Elonga- Yield- 
Test- | Ultimate | Strength | tion, % point, | Yield | Bend 
piece. | Strength.| in Tons/ | on 2 in, Tons/ | Ratio.| Angle. 
Sq. In. Sq. In 
% 
1 10-0 40-0 27-0 28-0 70 120° 
2 9-95 39-8 25-0 27-6 70 120° 
Brive. TEstT, 
Diameter of Brinell Approx. 
Impression, No. Tons/Sq. In. 
4-50 179 39-0 
Izop TEsT. 
Diameter of Bar, 0-45 in., with 3 notches. 
40 ft.-Ib. 


Propagas 

PORTABLE concentrated supply of fuel gas of high 

calorific value is now available at a reasonable cost. 
It is marketed by Shell-Mex and B.P., Ltd., as ‘‘ Propagas ”’ 
—a commercial propane mixture consisting of pure hydro- 
carbons which is prepared at Llandarcy Refinery. Whilst 
in its container, Propagas is in liquid form, exerting a 
pressure of about 145 lb. per sq. in. at 60° F., but imme- 
diately the control valve is opened gas is delivered at 
constant pressure until the container is empty. The gas 
is of regular quality and has a calorific value of approxi- 
mately 21,000 B.th.u.’s per Ib., and 1 lb. of liquid gives 
about 8-7 cub. ft. of gas. 

When this gas is burned with air the flame temperature 
is about 1,750°C., but this is adequate for much spot 
heating or brazing and for preheating work of a lighter type. 
For flame cutting the oxy-propagas flame produces a 
temperature of about 2,500° C., which is high enough for 
quick starting, but sufficiently low to give a smooth, sharp 
cut. With this flame temperature a minimum amount of 
edge melting takes place, so that the kerf is narrow and the 
edges sharp ; there is little slag adhesion even when cutting 
thin sheet steel, and the slag that does form can easily 
be removed. It is especially suitable for machine-cutting. 

This gas has also proved to be very suitable for the 
spraying of all metals in general use for metal spraying. 
It is used both for spraying low melting-point metals, such 
as zine or aluminium, for corrosion prevention and decora- 
tive purposes, and for spraying steel for building up worn 
bearings in connection with repair work to crankshafts, etc. 
It is noteworthy that no gas compressor is necessary with 
Propagas, which is available at a steady high pressure 
direct from a portable container; the plant is therefore 
simple, reliable, and easy to operate. 

Propagas is available in containers of various types, 
comprising bottles of 23 lb. gas capacity ; and cylinders of 
42 lb., 70 lb., or 100 lb. gas capacity. The bottle is 12 in. 
diameter and 22} in. overall height, and has a tare weight 
of about 37 lb. It holds 23 lb. of liquid gas, equivalent to 
approximately 200 cub. ft. of gas, with a total heat value 
of approximately 4-8 therms. 


A Small Tumblast Machine 
HE cleaning of castings is an important part of the 
work in the foundry, and the best results, as well as 
economical considerations, necessitate proper equipment. 
Some years ago we referred to the airless Wheelabrator 
tumblast machines for this purpose, A smaller edition of 
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A small tumblast machine of the Wheelabrator type. 


this machine has now been developed by Tilghman’s 
Patent Sand Blast Co., Ltd., which is specially designed 
to deal with light and fragile castings. It is fitted with a 
rubber conveyer belt instead of steel slats, as in the larger 
models of this type of machine. 

The new machine comprises an enclosed endless rubber 
apron conveyer to tumble the work in the blast zone, a 
Wheelabrator wheel to discharge the abrasive, and an 
abrasive cycling system to return the spent abrasive to the 
wheel. The ends of the tumbling chamber are formed by 
two barrel heads, which are 20 in. diameter and 27 in. 
apart. Dust seals are provided. 

The Wheelabrator hurls the abrasive by centrifugal force 
and produces a hard-hitting and thorough cleaning blast. 
A special rotary feed device permits the control of blast 
distribution. The wheel is fitted with eight removable 
blades, and the wheel assembly is such that any part can 
readily be replaced at the end of its production life. The 
abrasive cycling system is fully automatic ; the abrasive 
falling through the perforations of the rubber belt con- 
veyer through a shot-steel hopper to the boot of a bucket 
elevator, which lifts the shot to the storage hopper, from 
which it is fed by gravity to the wheel. 

The machine, complete with dust arrester and fan, is of 
sturdy construction and is designed for long service. 


New Hard-Facing Electrode 
ISTINCT economy is being achieved by the use of 
electric are welding for the application of specially 

hard metal to cutting edges of shear blades for hot shearing 
and for both building up of such parts as excavators and the 
repairing of teeth of excavator buckets, crusher jaws, convey- 
er chains, and other components subject to severeservice. 

The demand for some method of depositing very hard 
metal to the worn edges of tools has not been wholly 
satisfied by the deposition of steel that requires case- 
hardening, or other methods of hardening, as it is often 
not practicable to dismount such parts for the heat- 
treatment. Two new electrodes have been marketed by 
Murex Welding Processes, Ltd., capable of depositing an 
exceptionally hard surface that is not only extremely 
resistant to abrasion, but also possesses a high degree of 
toughness to withstand shock or impact. 
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The “hard-surfacing”’ electrode has given Brinell 
hardness figures from 550 to 600 on single runs on mild 
steel plate, and the “ Hardex” electrode enables wide 
and heavy single runs to be obtained—for instance, a 
deposit of 1 in. width and # in. depth can be made with a 
No. 8 gauge electrode. The Brinell hardness of the 
‘** Hardex ” type ranges between 630 and 660; the weld 
metal being suitable for such purposes as the building up 
of lathe tools, cutters, etc. 

Some applications of these electrodes show that a hard- 
surfaced tooth on an excavator bucket has a life of upwards 
of four times that of a new tooth. Another comparison 
is in the case of shear blades for hot shearing : the average 
life of a blade welded with one run of “ Hardex ”’ No. 6 
gauge electrode (applied along the cutting edge and then 
ground) is about six weeks, against the life of a new blade 
of only two weeks. 


Gas-fired Foundry Ladle-heating 
Equipment 

i modern foundry practice there is a desire to eliminate 

unnecessary dirt and smoke, and the old method of 
drying foundry ladles by means of coke or wood fires is 
gradually being discarded, and methods adopted which 
conform better to present-day requirements. The actual 
drying of foundry ladles has always been a necessity, but 
in recent years the advantage of preheating the ladle 
has come to be recognised as equally necessary. To 
facilitate this operation, Laidlaw, Drew and Co., Ltd., 
Tower Street, Leith, Edinburgh, have designed and 
marketed a series of gas-fired ladle-heating equipments. 

In the standard arrangement of the equipment con- 
structed, a burner and hood are supported by a column 
and arranged so that the burner and hood may be swung 
in a horizontal position. The arrangement is shown in the 


Standard arrangement of the gas-fired 
ladle-heating equipment. 
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accompanying illustration ; another arrangement, however, 
is constructed for dealing with suspended ladles in which 
the hood and gear is arranged to swing out of the way when 
not in use. 

The equipment consists essentially of a hood in which 
the burner is centrally disposed, pointing vertically down- 
wards. A centrifugal fan is employed for supplying the air 
necessary for combustion and for propagation of the flame. 
This method ensures that the heat is driven to the bottom 
of the ladle, so that the drying and preheating are started 
from the bottom and proceed upwards. 
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Gas-Fired Wire Heat 


Treatment Furnaces 
By O. G. Pamely-Evans, B.Sc., A.I.C. 


The installation of heat-treatment furnaces of the automatic type does not prevent 
variations in the quality of the ultimate product. Such furnaces do not eliminate the 
human element except in rare cases. In this article the author discusses some details 
which should be borne in mind when automatically controlled furnaces are used. 


T is fashionable nowadays to regard automatic furnace 
| control as a panacea for the ills of the older types of 
heat-treatment plant : yet although it removes many 
flaws from heat-treatment, it brings with it fresh fields in 
which trouble may develop, and whilst the danger spots 
of the old manual-controlled furnaces were known and 
marked, the weaknesses of the automatic furnace are not 
yet so widely known. In this respect automatic control 
may be a danger—leading to a false satisfaction with 
results. It is the purpose of this article to point out and 
discuss some of the details to be borne in mind by the 
furnace engineers and operators who use automatically 
controlled plant. 
Point of Control 
Confining ourselves to consideration of gas-fired furnaces, 
both batch and continuous, it is necessary first to consider 
the point in the fuel system at which control shall be 
applied. If producer gas is used the producer itself may be 
under automatic control—that is, a drop in furnace 
temperature causes an increase in the steam-air blast, 
and an increase in the coal (or other fuel) feed rate. Another 
point of control may be taken in the gas-feed main—and 
this applies to any gas, producer, coke-oven, blast-furnace, 
water gas, town’s gas, etc. The control may also be applied 
to the burners themselves by alteration of the setting. 
Except in special cases, the most practicable point of 
control is in the gas main. Burner regulation needs a 
multiplicity of controlling devices and producer control (or 
control of other source of gas) leads to complications in 
the maintenance of the proper air-gas ratio at the burners. 
If the gas and air mains run close to one another the 
simplification that follows application of control to both 
mains near this point is well worth while. A further point 
arises if the gas or air supply is at other than atmospheric 
temperature, since the delivery of the appropriate amounts 
of gas and air for best combustion is not achieved by the 
same mains dimensions and valves setting at differing 
temperatures of the two fluids. This point particularly 
is of importance during warming up in cases where a pre- 
heater for air or gas, or both, is used; since the gases 
arriving at the burners possess constantly rising tempera- 
tures, and hence specific volumes, whereby the composition 
of the combustion mixture is not constant until stability is 
reached. This means a continuous though varying 
deviation from ideal furnace combustion conditions. 


Control condition 

The function which is made responsible for furnace 
control is chosen to suit the heat-treatment involved. The 
simplest is probably a time cycle. That is, the gas and air 
are turned on, and kept on, for a fixed period, and then 
turned off for another period. This system is not in very 
common use, but it should be pointed out that the con- 
ditions in the furnace at the end of the “ off ’’ period may 
require a different type of flame from that most suitable 
at the end of the “on” period. Warming-up may need 
a long flame, while a short, hot flame may be more suitable 
for the actual heat-treatment. Here is a case where loss 
may easily creep in almost unnoticed. 

In the case of a continuous furnace, the velocity of the 
wire through the furnace may be the controlling factor, 
increased velocity being balanced by increase in fuel /air 
supply. This form of control requires previous hand 
setting to the limiting fuel supply at some standard velocity, 


and is not sufficiently stable to run for long periods without 
attention. 

The most common, most practical, and most developed 
form of control is the use of furnace temperature as the 
controlling factor. Conditions governing choice of the 
temperature measuring medium have to be studied from 
all angles, to ensure sufficient robustness, sensitivity, and 
capacity to operate without attention. For fairly low 
temperatures, such as wire rod bakers, mercury in steel 
thermometers may be employed. These have a working 
limit of 600° C., and can reproduce readings up to 100 ft. 
away from the point of measurement, are very robust, and 
require practically no maintenance. Further, since plenty 
of power is available, the controlling mechanism for the 
fuel and air can be made direct-acting. 

The only disadvantage is the low maximum temperature 
permitted. By use of the mercury vapour pressure system 
the maximum can be extended up to 800° C., also increasing 
the distance from the point of measurement at which the 
instrument may be placed. This range is not of very great 
interest to the heat-treater, and usually one of the other 
means of measurement is employed. They are all electrical 
in effect, either relying on current variation (electrical 
resistance thermometers, photo-electric cells) or E.M.F. 
variation (thermo-couples), and both groups can be sub- 
divided into direct deflection or null measurement 
(potentiometer). The electric-resistance type, range up to 
1,000° C., is most accurate, but also delicate, and has to be 
heavily protected. The thermo-couple, using base metals, 
can be used up to 1,200°C. and is very robust. In the 
rare metal form its use is extended up to 1,500° C.—but the 
components are more expensive, and more delicate. A 
modification of the thermo—E.M.F. type is the Féry 
telescope—in which radiation from the hot body is focused 
on to a thermo-couple. This is a very robust instrument, 
and can be used from 600°C. upwards. It is largely in 
use on steel-melting furnace regenerators. The photo- 
electric instrument is rapidly coming to the fore, and its 
use will be greatly extended in the future. Its limits are 
hard to define, but it has, at present, to be so close to the 
hot surface that parts have to be water-cooled. It is also a 
delicate instrument. 

Whatever system is used to measure the temperature, 
the temperature-impulse has to be translated into a 
mechanical force applied to the gas/air system valves. 
This operating medium is usually electricity or compressed 
air. The reliability of both is good, but since in most works 
the compressed air supply is obtained from an electrically 
driven compressor, the reliability of compressed air cannot 
be greater than that of electricity, and crippling damage 
to power cables in a conduit is less likely than similar injury 
to an air-line. A very important condition to be studied 
is the point of placing of the temperature-measuring 
element. If the minimum temperature of the wire to be 
heat-treated is the important point (as in spheroidising, 
normalising, patenting, ete.), then the temperature for 
control should be in a cool part of the furnace—such that 
all the metal will at least attain this minimum temperature. 

For chilling and annealing (for grain size, after cold 
work), where too high a temperature, as well as too low, 
has to be avoided, a position in the first or initial com- 
bustion zone is as good as any. It is in this latter case 
that a curious condition may arise if the combustion air is 
preheated, and the gas is not. It may be that an extended 
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flame is required, and that to obtain this the air supply 
is very much too low for complete combustion of the gas, 
incidental extraneous air farther down the furnace (or, in 
the case of pit-type batch furnaces, in secondary and 
tertiary cells) being relied upon to complete combustion. 

In the period when the gas/air supply is automatically 
cut off there is a small supply of hot air and excess gas—and 
sufficient air for completion of combustion of the gas in 
the first zone may enter accidentally, producing a high 
temperature. During the “on” period, there is a strong 
draught of cold gas, and a supply of hot air far too small 
for combustion ; further, the increased pressure in the 
first zone of the furnace, during this * blowing ’’ period, 
excludes air from leaks, etc. As a result, there is a cooling 
effect, and the automatic controller sets about opening 
further the (already open) gas/air valves, which is, of 
course, impossible, and the furnace cools off in one part 
(where the controlling temperature is being taken), and 
heats up excessively farther down. This is a likely condition 
to arise in a furnace in which cold gas is burnt at one point 
with hot air, especially if the furnace is overdriven at all. 

One way out of the difficulty is to reverse the limits 
on the controller so that it appears set to keep the furnace 
temperature outside the desired range of temperature. 
This leads to immediate instability if any manual adjust- 
ment is made to any part of the furnace. 


Closeness of Control 

By closeness of control is meant the amount of variation 
from the required, or pre-set, temperature which the 
control system permits. It would appear that this should 
be as small as possible, but, as will be seen, this is not so, 

There are four factors which govern the degree of 
closeness of control—viz. : 

(1) Responsiveness of temperature measuring device. 

(2) Instrument design. 

(3) Time cycle of temperature measurement. 

(4) Produced variation of controlled fuel supply. 

Under (i) must be considered the thermal capacity and 
amount of physical or electrical response to unit tempera- 
ture change of the thermometric device ; (2) is a matter of 
choice of instrument, but there is little to choose between 
the leading instrument manufacturers on this point. The 
time cycle is very important in a furnace where load or 
fuel variations may take place rapidly and independently 
of the furnace itself. The instrument takes a reading of the 
furnace temperature, then applies this to the fuel controls, 
then takes another reading. If the temperature of the 
furnace is varying rapidly there is greater room for variation, 
before the controller corrects it, the greater the time for 
completion of one cycle. Under (4) we may classify all 
the mechanical effects produced by the controller. The 
amount of rotation of butterfly-valve spindles, screwing 
down of slide valves, variation of steam pressure, etc., 
all have an effect on furnace temperature in a properly 
designed plant, roughly proportional to their variation. 
Hence the smaller the amount of play allowed, the closer 
the control. From this it can be seen that ideal control 
is achieved when we have a stable furnace condition—as 
much heat entering as is leaving—and the fuel supply set 
dead right to give this result. In such a case the controller 
ceases to operate and is, in fact, superfluous. 

If, however—and this is the usual state of affairs,—the 
operator wishes sometimes to use an over-riding hand 
control to set the furnace to work at a lower or higher 
temperature (as for a soak or a special charge), then 
sufficient play must have been allowed in the fuel supply 
varying system to include the new temperature in the 
range of temperature that it is possible to obtain with the 
total operating range of fuel supply. If this is not done 
the new temperature is not obtainable without a resetting 
of the valve mechanism. A heat-treatment engineer must 


thus decide on a range of temperatures, including those at 
which he will desire his furnace to work, and set his gas /air 
range (operated by the controller) amply to cover this 
range. 
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Thus, a furnace operating evenly at 600° C.—i.e,, say 
gas/air “ off” for 2 seconds and “ on ”’ for 2 seconds, must 
be able to operate at, perhaps, 500° C. by working, say, 
* off ’ for 4 seconds (or 6 or some multiple of the basic time 
cycle of 2 seconds), and “‘on”’ for 2 seconds, and vice 
versa at 700°C. It is only by close attention to the 
minimum number of details set out above that that com- 
bination of efficiency and flexibility, best known as 
* effectiveness,’ can be achieved in automatically con- 
trolled gas-fired furnaces. 


Determination of Molybdenum in 
Low-Grade Materials 


"THE latest and most improved method for the accurate 
analysis of molybdenum in low-grade materials is 
given in a report by C. E. Arrington and A. C. Rice, which 
comprises three parts. In Part I, a study has been made 
of the volumetric determination of molybdenum by 
reduction in the Jones reductor, receiving the reduced 
solution in a mixture of ferric alum and phosphoric acid, 
and titrating with standard oxidising agents. In addition 
to potassium permanganate, which has long been utilised 
for this titration, potassium dichromate and ceric sulphate 
have been found to be applicable. The latter oxidants 
have been found to be especially useful in the form of 
dilute solutions for the determination of small amounts of 
molybdenum. The taste revealed that certain internal 
indicators give excellent results in these titrations. 

In Part Il, a method that combines the alpha- 
benzoinoxime precipitation for molybdenum with the 
oxidimetric titration of molybdenum has been developed. 
A few methods for utilising the alpha-benzoinoxime 
precipitate in oxidation-reduction procedures were tested. 
As a first step, conversion of the organic precipitate to 
molybdenum trioxide by ignition seems to be the simplest. 
The molybdenum trioxide may be extracted with 
ammonium hydroxide or dissolved in sulphuric acid. 
The ammonia filtrate or sulphuric acid solution is made 
up for reduction in the Jones’ reductor. The reduced 
solution is caught under a solution of ferric-alum-phosphoric 
acid and oxidised with ceric sulphate or potassium dichro- 
mate. For low-grade materials the volumetric method is 
shorter and more precise than the alpha-benzoinoxime 
gravimetric method. On the other hand, the alpha- 
benzoinoxime precipitation procedure is a great improve- 
ment over previous methods for preparing pure molybdate 
solutions for the volumetric determination of molybdenum. 

In Part I11, a few methods for the separation of molyb- 
denum from tungsten were tested, and it was found that 
the sulphide-precipitation procedure offers the cleanest 
separation of these elements. However, a point is reached 
where the concentration of molybdenum or tungsten is so 
great that some tungsten is carried down with the molyb- 
denum tri-sulphide. The tungsten so co-precipitated can 
be separated from the molybdenum as tungstic acid by 
precipitation with acid. After removal of this tungstic 
acid by filtration, the molybdenum is determined in the 
filtrate by reduction-oxidation methods. When the weight 
of molybdenum present was 0-00328 grm. and that of 
tungsten varied from 0-0200 grm. to 0-3650grm., the 
maximum error in the determination of molybdenum was 
0-00035 grm. 

The accurate analysis of molybdenum in mineral and 
metallurgical products has received considerable attention 
by a number of chemists, including those of the Bureau 
of Mines, as long ago as 1923, when J. P. Bonardi’s work 
was published in Bulletin 212. More recent work on 
molybdenum, by A. L. Rice, L. A. Yerkes, and C. E. 
Arrington, is to be found in two progress reports of the 
metallurgical division (Reports of Investigations 3328 and 
3370, February, 1937 and 1938). 

Copies of Report of Investigations 3441, ‘‘ Determination 

of Molybdenum in Low-grade Materials,” may be 
obtained from the Bureau of Mines, Washington, D.C. 


‘4 
f 
= 
. 


OcToBER, 1939 


Business Notes and News 


The United Steels Companies Ltd. 

At the recent annual general meeting of the United Steel 
Companies, Ltd., Sir Walter Benton Jones, Bt., chairman of 
the Company, referred with appreciation and admiration to 
the work of Mr. R. 8. Hilton, who has passed on the office 
of managing director to his successor, Mr. C. J. Walsh, and 
congratulated him on his election as President of the British 
Iron and Steel Federation. Sir Walter mentioned the large 
extensions to Appleby-Frodingham, consisting of a coking 
plant, additions to blast furnaces and steelworks, and also to 
extensions at the works of Samuel Fox and Co., Ltd. Of 
considerable interest is the arrangement, to which he referred, 
between John Summers and Sons, Ltd., and the Company, 
which gives the Company a substantial interest in the sheet- 
making industry. John Summers and Sons specialise in the 
production of sheet, and a continuous-strip mill is being 
installed at their works similar to that recently put into 
operation at the South Wales works of Richard Thomas and 
Co., Ltd. This new plant will soon be completed and put into 
operation. 


Vickers’ Interim Dividend 
With reference to the previous announcement of an interim 
dividend of 4% (actual) in respect of the year 1939 on the 
Ordinary Stock of Vickers, Ltd., payable on October 26, 
1939, the Directors of that company give notice that mcome- 
tax will be deducted at the rate of 7s. in the £. 


Increase in the Tin Quota 

The International Tin Committee has decided to raise the 
quota for the third quarter of the year from 100% to 120% 
of standard. The present quarter’s allowance is raised from 
60% to 70%. This will bring the quota for the whole year 
up to 683%, equivalent to approximately 145,000 tons from 
the restricting areas. Countries which do not subscribe to 
the restriction scheme will probably provide a further sub- 
stantial tonnage. These large increases have been made in order 
to relieve the scarcity of spot tin in the London market, and to 
allay anxiety in America about the adequacy of tin supplies. 

Mr. C. J. Walsh, who was recently appointed managing 
director of the United Steel Companies, Ltd., in succession to 
Mr. R. 8. Hilton, joined the Company in 1932 as general 
assistant to Mr. Hilton, in which capacity he gained a wide 
knowledge of the Company and its branches. In 1934 he 
took charge of the Appleby-Frodingham branch, and in 
November, 1938, he was appointed assistant managing director 
of the Company. 


North-East Coast Institution of Engineers and 
Shipbuilders 


The Council of the above Institution has awarded the 
Engineering Gold Medal to Dr. T. W. F. Brown, of Messrs. 
R. and W. Hawthorn, Leslie and Co., Ltd., for his paper 
entitled ‘‘ Vibration Problems from the Marine Engineering 
Point of View”; the Shipbuilding Gold Medal to Mr. Arnold 
Emerson, B.Sc., of the William Froude Laboratory, National 
Physical Laboratory, for his paper on “* Special Trials of the 
Beacon Grange: The Effect of Steering on Propulsion.” The 
M. C. James Memorial Medal is awarded to Dr. 8. F. Dorey, 
Chief Engineer Surveyor of Lloyds Register of Shipping, for 
his paper on “‘ Strength of Marine Engine Shafting.” 

The R. L. Weighton Memorial Medal is awarded to Joham 
Boele, student at King’s College, Newcastle-on-Tyne. It is 
of interest to note that this medal was founded by the brothers 
of the late Prof. R. L. Weighton, first Professor of Engineering 
at King’s College—then the Durham College of Science. It is 
awarded jointly by King’s College, and this Institution, and 
goes to the most meritorious student in the final examination 
for the pass degree of B.Sc. in Applied Science, engineering 
students and naval architecture students being eligible in 
alternate years. 

The Institution scholarship for 1939 (value £100) is awarded 
to William Taylor Atkinson, apprentice of Messrs. Richardsons 
Westgarth and Co., Ltd.; the George Mitchell Harroway 


scholarship for 1939 (value £100) is awarded to James Dawson, 
apprentice of Messrs. Smith’s Dock Co., Ltd. ; and an entrant 
for the Institution scholarship, Brian Hildrew, apprentice of 
the North Eastern Marine Engineering Co., Ltd., is awarded 
a prize of £5. 
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Shipping Register 

An indication of the scope and extent of the war effort is 
provided by the celerity with which the British authorities 
here are meeting requests for the transfer of ships from 
British to Dominion Registers—a process which in normal 
times would be comparatively lengthy, but which is now 
made a matter of a day or two. The transactions do not 
involve migration of ships from home waters, but are theoretical 
transactions ensuring that British registered ships now 
operating in Imperial waters shall not be made liable to recall, 
as they would be if they were on the British Register. 

In every case the ships involved are vessels which are 
engaged upon the carriage of essential commodities, and 
performing freight carriage duties which are of additional 
importance just now as contributions to the general efficiency 
of the war machine of each country. Where the ships are not 
actually transferred, special licences are being issued which 
have, to all intents and purposes, the same effect as the 
transfer itself—the assurance of unbroken employment on 
their present task. 


The Institution of Engineers and Shipbuilders 
in Scotland 


The Council of the above Institution is of the opinion that 
every endeavour should be made to carry on activities so far 
as circumstances permit. It will be necessary to rearrange 
the syllabus which had been prepared, and details will be 
made known as soon as possible. It is probable that the 
number of meetings will be reduced, and to facilitate attendance 
dates have been chosen near the time of full moon. The 
time of meeting has been changed to 6-30 p.m., and tea will 
be served before the meeting. There will be no students’ 
meetings for the present. 

The first meeting of the session will be held on Tuesday, 
October 24, when Mr. Wilfrid Ayre will deliver his presidential 
address. Mr. Ayre has chosen a technical subject that should 
prove of particular value to the younger members of the 
Institution. Following the address, Sir Hector Hetherington, 
LL.D., Principal of the University of Glasgow, will unveil a 
panel which has been erected in the Institution to record the 
names of its presidents. 


G.E.C.’s Employees with the Forces 


The General Electric Co., Ltd., has 2,135 of its employees 
serving with the combatant forces. One-third of the total 
male staff in the sales organisation is with the colours. This 
company gives a generous allowance to all employees with the 
forces. 


in the First Seven Months 
of 1939 


World apparent consumption, which in 1938 amounted to 
12,600 tons a month, on an average, decreased to 12,440 tons 
in the first seven months of 1939. The table below shows 
consumption statistics for principal countries (in tons of 
2,240 Ib.) :— 


Tin Consumption 


Monthly Monthly °% Increase 
Average Average or 
1938. Jan.-July, Decrease. 
1939. 

United Kingdom ........ 1,524 1,807 - + 19 
1,123 924... — 18 
754 656 13 
208 230p + Il 
240 222 — 7 
152 190 + 25 
Other countries ......... 1,529 1,582 + 3 
Total apparent consumption 12,600 12,440 .. — 1 


Total deliveries of the principal smelters amounted to 
11,892 tons in August, against 10,684 tons in the preceding 
month and 8,945 tons in August, 1938. 

World tinplate production in the first seven months of 
1939 amounted to 2,230,000 tons, against 1,744,000 tons in 
the corresponding period of 1938, being an increase of 28%. 
World automobile output in the first seven months of 1939 
amounted to 3,165,000 vehicles, against 2,293,000 vehicles 
in the corresponding month of 1938, being an increase of 38%. 
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Iron and Steel Industry 


The prices scheduled for iron and steel are, with few 


U* DER the provision of the Defence Regulations, 
the Minister of Supply has established a control of 
the iron and steel industry, and Sir Andrew Duncan, 
chairman of the executive committee of the British Iron 
and Steel Federation, has been appointed to act as controller 
of the industry. 

Licences are required to acquire iron and steel goods 
and certain raw materials, but provision is made for 
exemption, by notice, from the necessity to obtain a 
licence in favour of certain classes of purchasers and/or 
certain purposes. A notice is issued concurrently with the 
order establishing control, providing for the exemption 
of the main classes of first priority users—namely, Govern- 
ment Departments and purchasers requiring goods for 
Civil Defence purposes, and railway, shipbuilding and coal- 
mining undertakings. Goods forming the subject of 
existing contracts are also exempt from licensing, but may 
be subject to certain priorities. All purchasers of small 
quantities (not exceeding 10 cwt.) and purchasers from 
stockholding merchants for urgent requirements (during 
a period of 14 days from the date of the order) are also 
exempt from licensing. 

Maximum prices are established for the principal iron 
and steel products. Prices are given in the second schedule 
to the Order and are basis prices only, extras, rebates, etc., 
being in accordance with the scales at present ruling. The 
prices scheduled are those which had been stabilised before 
the war. 

Further information may be obtained on application in 
writing to the Iron and Steel Control, Ministry of Supply, 
Steel House, To*hill Street, London, 8S.W. 1. 


Scope of the Order 


The following is the full text of the Control of Iron and 
Steel (No. 2) Order, 1939, dated September 22, 1939, which 
came into force on September 25, 1939 and the previous 
Order ceased to have effect from that date. 


1. (i) No person shall acquire or agree to acquire any material 
situate in the United Kingdom on or at any time after the date on 
which this Order comes into force and mentioned in the First 
Schedule hereto, except under the authority of a licence granted 
by the Minister of Supply, or in accordance with a special or general 
direction issued by the Minister of Supply. 

(ii) No person shall dispose of or agree to dispose of any material 
as aforesaid, except to a person who holds a licence granted by the 
Minister of Supply authorising him to acquire that material by 
virtue of a special or general direction issued by the Minister of 
Supply. 

(iii) Nothing in this Article shall be taken to prohibit or restrict 
the delivery to and acceptance by @ person carrying on the business 
of a carrier of any material mentioned in the First Schedule hereto 
in the ordinary course of that business, or the delivery by and 
acceptance from a carrier of any such material in the ordinary 
course of such business. 

2. No person shall buy or sell or agree or offer or invite an offer 
to buy or sell for delivery in the United Kingdom any material 
situate in the United Kingdom on or at any time after the date 
on which this Order comes into force, at a price exceeding the 
maximum price provided for in or calculated in accordance with the 
Second Schedule hereto or such amended Schedule as may be in 
force at the time of delivery. 

3. Every person whose business or part of whose business it is 
to merchant, produce or consume any material mentioned in the 
First Schedule hereto shall, upon being requested to do so by the 
Minister of Supply, furnish to the Minister of Supply within such 
time and in such form as he may direct, such returns and other 
information relating to that material and to the business of that 
person as the Minister of Supply may require, 


exceptions, similar to those stabilised before the war. 


4. Every person owing or having power to dispose of or being 
in possession or control of any material mentioned in the First 
Schedule hereto shall, upon being requested to do so by the Minister 
of Supply, furnish to the Minister of Supply within such time and 
in such form as he may direct, such returns and other information 
relating to that material and to the business (if any) of that person 
as the Minister of Supply may require. 

5. If any licence granted under this Order is revoked by the 
Minister of Supply, the holder of that licence shall forthwith deliver 
up that licence as directed by the Minister of Supply. 

6. In this Order the expressions “ acquire ’’ and “ dispose of ” 
include respectively the taking and giving of possession. 


First Schedule—Products under Licence 


Products for which licences are required are as follows :— 


Iron-ore of all classes—containing not less than 15% iron; 
manganese ore ; scrap iron and steel fit only for recovery of metal 
and for reprocessing ; 

Ferro-alloys of all qualities, excluding ferro-alloys of tungsten, 
vanadium, molybdenum and chrome ; 

All iron and steel products of all qualities and categories of the 
following classes :— 

Pig-iron ; ingots ; billets, blooms and slabs ; 

Tinplate and sheet bars ; 

Plates, medium plates and sheets, coated and not coated ; 

Angles, channels, tees, joists, piling sections and other sectional 
material, whether fabricated or not ; 

Rounds, rods, squares, hexagons, flats and all other sections 
and shapes, black or bright ; 

Rails, sleepers, fishplates and sole plates ; wire rods ; 

Tinplates, terne plates, black plates and silver-finished plates ; 
hoop and strip, hot or cold rolled ; pipes, tubes and fittings how- 
ever made ; tyres, axles and wheels ; 

Castings, blocks for forgings and pressings, forgings, stampings 
and pressings ; 

Wire, plain, barbed, coated and uncoated, wire ropes, wire 
netting, wire staples, chain link and square meshed fencing and 
wire strand, wire nails and screws ; 

Colliery arches and accessories and pit props ; 

Bolts and nuts, washers, spikes and rivets ; 

Structures, including bridge, pier, tank and plate work. 


Second Schedule—Maximum United Kingdom Prices 
for Iron and Steel Products 


Home trade basis prices per ton delivered are set out 
unless otherwise stated. Related prices, extras, allowances 
and rebates shall be in accordance with lists lodged at the 
offices of the Iron and Steel Control (Ministry of Supply). 


Pig Iron— 
Basic : £s. d, 
(a) South Wales, N.E. Coast, Scotland, Mersey 
Ports, Lancashire, Cheshire, N. Wales and 
Hematite—No. 1 Mixed Nos., 8 & P over 0-03%, but 
not exceeding 0-05% : 
(a) Scotland, N.E. Coast and West Coast England 5 15 
Foundry and Forge Pig-Iron—No. 3 Iron Class 2, 
delivered Middlesbrough .................. 19 0 
Forging Ingots up to 0-60% C..............-5.5. 9 9 6 
Billets, Blooms and Slabs for Re-rolling— 
(b) Soft T.G. up to 0-25% C. (100-ton lots) 712 6 
(c) Hard, 0-42 to 0°60% .......... 810 0 
Siemens Martin Acid : 
Un to 10 7 6 
(c) Silico-manganese .,......... ll 2 6 
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Billets, Blooms and Slabs for Forging and Stamping— 


METALLURGIA 


(a) Basic soft, up to 0°25% C. ..........eeeee, 9 0 0 
(6) Basic hard, 0:42 to 0-60% C..............- 9 7. 6 
11 12 6 
Alloy Steels— Nickel- 
1% Nickel- Chrome 
Nickel. Chrome Molyb- 
denum 
@a4 
Billets, 2 in. up to and including 
10 in. delivered all districts... 14 0 0 25 5 0 31 5 O 
Stamping bars, jin. diam. and 
up, round or equivalent sec- 
1912 0 32 2 0 39 2 0 
Tinplate and sheet bars, delivered all districts, not 
less than 25 tons of one width and quality, 9 lb. and 
over per foot for bars under 8 in. down to 18 lb. and 
Wire Rods— 
Basic—All sizes with exception of over 7/0 gauge and 
6 gauge delivered in all districts in United 
Kingdom, except (a) Birmingham and Scotland 
and (6) Southern Joint Area :— 
Hard basic, 0-42 to 0-60% 1410 
Acid—Up to 0-85% C, all sizes with exceptions of 
over 7/0 gauge and 6 gauge delivered all 
districts :— 
18 1 0 


Ordinary 
Manufactured Iron— 


(a) English and Welsh delivery, 


usual districta .......... 12 5 0 17 6 
(6) Scottish delivery, usual 
12 5 0 12 O 
(c) Irish delivery, f.o.q. Belfast 12 17 6 i110 0 
Heavy Steel Products— 
Deliveries to Principal Districts :— 
Joists and 
Angles. 
a d, 
(a) North-East Coast, Northern Joint 
Area, Scotland, Belfast shipyards and 
shipbuilders at Thorne, New Holland 
8 0 
(6) Leeds and District, Midland area and 
1010 6 


(c) Southern Joint Area 
Medium Plates (under % in. thick) = deliveries— 
Weighing 6 lb. or more per sq 
Weighing less than 6 Ib., but AF tis than 4-81 Ib. 
per sq. ft. 
Chequered Plates (} in. thick and upwards)— 
(a) North-East Coast and shipbuilders at Thorne, 


New Holland and Gainsborough ............ 

(6) N. Jt. Area; Scotland, Leeds and District : 
Midlands and S. Wales ; Southern Jt. Area.... 

Rails : 

Heavy Rails—60 |b. per yard and over, lots of 500 
tons and over; f.o.t. maker’s works ............ 
Light Rails—Light flange rails, up to and including 


Colliery Arches and Accessories : 
4in. by 24in. by 2in. and 4in. by 2}in. by 2}in., 
single radius with straight, horse-shoe or splayed 
legs with one fishplate joint, complete with one 
pair of fishplates and the necessary bolts and 
nuts 


Fishplates (for arches) alone 
Plain cambered girders, 4in. by 24in. by 2 in. and 
4in. by 2}in. by 2}in., with minimum camber of 
2in. in centre, for use underground only 
Corrugated straps, roofing or bent bars 


Re-rolled Steel Products— 

Angles and tees, 4 united inches and under, and 
channels 3 in. web, and under: basis U.T....... 

Bars—flats, 5in. wide and under and 

Rounds and squares under 3 in. U.T 

Free-cutting bars—rounds 

Hoop and strip—hot rolled (excluding ead and —_ 
for gas, steam and water tubes) U,T tees 


li 


ll 
10 


11 
13 


Hoop and strip—cold rolled. Basis. Hard Bright— 
in flat lengths or coils (not annealed)— 


lin. to under ljin. by 12G. and thicker ...... 
lj in. to 6}in. by 20G. and thicker ........... 19 0 0 
Over 6} in. to 8fin. by 16G. and thicker ...... 
Over 8}in. by 14G. and thicker .............. 
Products made from Basic Hard Steel— 
Products made from Siemens Martin Acid Steel 
Spring Steel Bars— 
Laminated : 
(a) Basic 0-42 to 0-60% C. water hardening. . 12 12 6 
(6) Acid do. 1663 6 
Siemens Martin File Steel— 
Long lengths, 12 in. and up: 
Ferro-concrete Bars—delivered station or siding .... 1019 6 
Rivet, bolt and nut bars (4-ton lots) .............. 1115 0 
Bright drawn Steel Bars— 
Sheets— 
(6) Galvanised, corrugated, 24 17 5 O 
Tinplates— 
1.C. Cokes 20 by 14 per box, f.o.t. makers’ works 1 0 4) 
Tubes— 


Black-welded steel gas tubes, 1 in. diameter at 68}% 
off list price. 


The Control of Iron and Steel (No. 3) (Scrap) Order 
The following gives the maximum prices per ton for 


scrap iron and steel for the manufacture of steel ingots as 
given in the Control of Iron and Steel (No. 3) (Scrap) 
Order, dated September 22, 1939, which came into force 


on September 25, 1939 :— 
Heavy Steel Scrap— 


are 216 6 Lancashire ........ 
North-East Coast.... 2 18 6 re 
North-West Coast... 3 2 0 South Wales (East) 
Heavy Wrought Iron and Steel Scrap— 

Sa & 
ene 214 6 Lancashire ........ 
North-East Coast.... 2 16 6 
North-West Coast... 215 0 South Wales (East) 


Medium Wrought Iron and Steel Scrap— 


North-East Coast.... 2 11 6 Midlands ......... 
North-West Coast... 2 11 6 South Wales (East) 
Heavy Steel Turnings— 

Free from non-ferrous : 

North-East Coast.... 2 4 6 
North-West Coast... 2 6 6 South Wales (East) 
New Light Steel Cuttings— 

Sa 
North-East Coast.... 2 6 6 eae 
North-West Coast... 2 11 0 South Wales (East) 
Heavy Cast Iron Scrap— 

& 
3 4 0 
North-East Coast.... 3 4 0 ee 
North-West Coast... 3 9 6 South Wales (East) 
Cast Iron Borings— 

£s. d 
North-East Coast 117 6 Midlands ......... 
Lancashire ......... 117 6 South Wales (East) 


to bo bo 


to 


tohom 


17 


Maximum prices for special scrap steel containing not 
more than 0-05°, sulphur and 0-05% phosphorus, and 
for alloy steel scrap are also specified in the schedule. 

Except for certain special qualities of scrap and ship- 
breaking scrap, no licence is required at present for scrap 


iron or steel. 


221 
Crown No. 3 No, 4 
Iron. Bars. Bars. 
12 & O 
12 0 0 
£ s. d. 
Plates. 216 6 
£ 8s. d. 210 0 i 
217 9 
‘ 
10 10 6 214 0 
28 6 
10 13 0 215 
1015 6 316 9 
11 12 6 s. d- 
10 0 
12 2 6 3 6 
ll 3 
12 0 6 
12 3 0 19 6 " 
14 9 
2 6 
9 3 0 
‘ £s. d. 
m2 6 2 6 6 
119 9 
£ 
6 
Arches as above, but without fishplates, bolts and 3 5 = 
1110 0 
17 0 O . 
0 
5.0 0 
12 6 
ll 2 0 
i 12 0 
4 0 
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Non-Ferrous Metal Control £65; foil (a) selected, suitable for the manufacture of 


In pursuance of Regulations 55 and 98 of the Defence 
Regulations, 1939, the Minister of Supply has issued 
the Control of Non-Ferrous Metals (No. 3) Order, 1939, 
dated September 24, 1939. 

This Order repeals and replaces Article I of the Control 
of Non-Ferrous Metals Order, 1939, which, subject to certain 
exceptions, prohibited the sale to or purchases by a con- 
sumer of copper, lead or zine except under licence. The 
new Order extends this provision to cover all sales and 
purchases, whether to consumers or not. At the same 
time the Minister has issued a Direction under the new 
Order which takes the place of the exceptions embodied 
in the previous Order exempting from the requirement 
of a licence 

(a) the sale and purchase of any copper, lead or zinc 
in quantities of less than 1 ton in each case for 
the execution of urgently needed repairs. 

(b) the performance of contracts entered into before 
September 1, 1939, where the price payable under 
such contract was fixed and ascertained before 
September 1, 1939, and 

(c) the sale and purchase of scrap copper, lead and 
zine, for the purpose of cleaning, grading or crushing 
with a view to re-sale. 

Copies of the Order and Direction in question may be 
purchased directly from H.M. Stationery Office at York 
House, Kingsway, London, W.C. 2, or through any book- 
seller. 

Aluminium Control 
In pursuance of Regulations 55 and 98 of the Defence 
Regulations, 1939, the Minister of Supply has issued the 
Control of Aluminium (No. 3) Order, 1939, dated September 
26, 1939. 

This Order brings together in one document, with some 
amendments, the provisions of the Control of Aluminium 
Order, 1939, and the Control of Aluminium (No. 2) Order, 
1939, which are both repealed. The chief changes made 
in the new Order are in the paragraphs regulating the 
maximum prices for virgin aluminium alloys and secondary 
aluminium and aluminium alloys, where, while the formule 
regulating the maximum prices of these products in relation 
to virgin aluminium and alloy metals remain unchanged 
provision is made for special maximum prices to be fixed 
by a direction of the Minister in certain cases. This is to 
meet the case of secondary aluminium or aluminium alloys 
of special composition or process of manufacture where the 
general formula has proved inapplicable. 

Adjustments have been made in the prices of the alloyed 
metals on which the prices of alloys are to be calculated and 
amendments have been made in the definitions and the 
schedule of scrap prices. 

The maximum price laid down for virgin aluminium in 
the form of ingots is £94 per ton basis for 99°, material. 
This price is subject to the following increases :—99-5°, 
guaranteed, £5; 99-6%, £10; 99-7%, £15; 99-8%, £22; 
99-9°.,, £68; 99-9°%, £180. The increase for rolling 
slabs, wire bars and extrusion billets is £3 per ton. 

Virgin aluminium alloys which are actually sold under a 
registered trade mark may not be sold at a price “in 
excess of the maximum price for the time being authorised 
therefor by virtue of a special or general direction ”’ issued 
by the Minister of Supply. 

Other virgin aluminium alloys are to be sold according 
to the value of the alloying material plus the value of 
the virgin aluminium plus £2 per ton, the prices of the 
alloying material being calculated on the following bases :— 
Silicon, £55; copper, £50; zinc, £20; magnesium, £200 ; 
nickel, £190; iron, £15; manganese, £150; tin, £200; 


chromium, £270. 

Maximum prices of aluminium and aluminium alloy 
scrap are as follows :—Pure aluminium in the form of sheet 
cuttings, rod, bar, section, tube, castings, rivets, wire, and 
cable and the like, £74; steel-cored cable, £70; old rolled, 


powder, £90 ; (6) other, £80; swarf and turnings, £50. 

Aluminium alloy other than Duralumin in the form of :— 
Sheet cuttings, rod, bar, section, tube, wire and cable, and 
the like, £76 ; spinnings, punchings, thin small scrap, £74 ; 
scrap castings (a) sand, £31 ; (6) die, £34; old rolled, £65 ; 
swarf and turnings (a) clean segregated, to B.S.T. and 
D.T.D. specification, £32 ; (b) inferior, £18. 

Duralumin : Sheet cuttings, rod, bar, section, tube, wire, 
rivets, and the like, £38 ; spinnings, punchings, thin small 
scrap, £36; old rolled, £30; swarf and turnings, £30. 

Metallics derived from dross and skimmings and con- 
taining not less than 80°, of aluminium, £50. 

Unwrought secondary aluminium or aluminium alloy 
must not be sold at a price exceeding 85°, of the price of 
virgin metal. 

Copies of the Order in question may be purchased directly 
from H.M. Stationery Office, York House, Kingsway, 
London, W.C. 2, or through any bookseller. 


Strength of Metals at Elevated Temperatures 


THE increasing tendency of engineers to use _high- 
pressure superheated steam, and the growing use 
of structures at elevated temperatures have necessi- 
tated considerable research by metallurgists in an effort 
to meet demands by the provision of suitable materials. 
In modern superheated steam practice, steam temperatures, 
in some cases, are as high as 500° C. and for many other 
purposes much higher temperatures are in use. Stresses 
imposed on materials at such temperatures present many 
problems, especially as metals under such conditions cease 
to be elastic substances and are subject to “ creep ” under 
the effect of sustained loading. This question of creep 
was discussed in a paper by R. F. Miller* at a recent 
meeting of the Metropolitan Section of the American 
Society of Mechanical Engineers and some of his views 
on the subject are of great interest. 

Dealing with the strength of metals at elevated tempera- 
tures, Mr. Miller briefly outlined crystal structure and the 
phenomenon of slip by groups of atoms displaced simul- 
taneously, and stated that the slip lines are evidence of 
plastic deformation of the metal accompanied by strain 
hardening. Referring to the opposing processes of softening 
and strain hardening, he lead up to a consideration of the 
temperature at which these two opposing processes balance 
and which may be called the ‘transition temperature.” 
It is his contention that the fundamental difference between 
the behaviour of most metals under a given applied stress 
at atmospheric temperature and at elevated temperature 
is that at atmospheric temperature most metals begin to 
flow but are gradually strengthened by strain hardening 
and finally cease to flow, whereas at any temperature 
above the transition temperature they continue to flow. 
This continued flow of metals under stress at high tempera- 
ture is called “creep.” In either case, if the stress is 
increased sufficiently, the metal will break. 


Soviet Government’s New Railway Line 


A further new railway line of 210 miles has been completed 
and taken over by the Soviet Government. This line is of 
importance in that it links one of the largest industrial areas 
in the U.S.S.R. with the trans-continental lines of Kazakhstan 
and Asia; connecting the Irtysh copper works, the Belouso 
mine, the Ublin hydro-electric power station, and the Irtysh 
hydro-electric power station, with Siberia. Along the route 
are several lead and zine works in course of construction. 

Construction is due to begin this year on a railway which 
will run from Kazan to Bugulma, thus improving contact 
between Western Siberia and the European part of the 
U.S.S.R. Also, a 520-mile line is to. be laid down on the east 
of the southern area of the Urals. By connecting Akmolinsk 
and Kastaly, this line would give direct contact between 
Karaganda and its coal basin and the mineral district of 
Magnetogorsk. 


* Richard F. Miller, Mech. Eng. G1. 8. 
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When METALS are 


discussed, whether 
Ferrous or Non-Ferrous, 
Executives refer to 


HE editorial responsible for METALLURGIA offers 
only the best, and this prestige is retained by 
publishing views contributed by world-wide 

authorities on every aspect of ferrous and non-ferrous 
metallurgy. 

The quality of the literary pages of METALLURGIA 
demands attention, therefore METALLURGIA is out- 
standing as an Advertising Medium for the industry 
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at home and overseas, which include a wide audience of 
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your products. 
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Parsons’ Manganese Bronze.—Ultimate Tensile Strength 33 to 36 tons per 
square inch meets thejrequirements of Specification B.S.I. 250A and B, 


and A.I.D. 3.B.1. 


Immadium High 
resistance to chemical corrosion. Ultimate 
(Immadium VI.) 


per square inch. 


Bronzes—for high strength, toughness and 


ensile Strength up to 50 tons 


Crotorite Aluminium Bronzes.—Zinc-free Alloys with exceptional resistance 
to both Chemical and Galvanic corrosion and retaining good Physical 
' + Properties at elevated temperatures, including Alloys to meet the require- 


ments of the following Aircraft Specifications : 
DTD164, DTDI74 and DTDI97. 


DTD135, DTDI60, 


available in eight grades to meet all Bearing 


Damaxine Phosphor Br 


requirements and with free machining properties where necessary. 
Damaxine withstands the heaviest loads and highest speeds encountered 


in service. 
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Continuous- and Batch - Type 
Bright - Annealing Plant at 
Arthur Lee and Sons, Ltd. 
Reference is made to the main 
features of a heat-treatment instal- 
lation now in operation, 

A key metal in the manufacture 
of iron and steel. 

New British Chemical Standards 
Bronze (No. 207) and Cast 
Iron (No. 206.) 

Industry and Supply Control .. 

Pig-Iron Grading Scheme .. .. 

Sorby—The Originator of Metal- 
lography.” By a Special Con- 
Dr. Sorby placed in the hands of 
metallurgy a new and most valu- 
able method of scientific investi- 
gation, and in this article some of 
his work is briefly discussed. 

Industrial Management and Pro- 
duction Control. Part X.—Plan- 
ning and Progressing. (Contin- 
ued.) By F. L. Meyenburg 
An example of planning a rod 
and bar mill is given, and various 
influences on the planning work 
are discussed. The actual work of 
the planning and progressing 
organisation is described with the 
aid of illustrations. 

Raw Materials in Germany's Iron 
and Steel Industry 
Intensive efforts have been made 
to exploit Germany's domestic iron 
and ore resources, but increased 
industrial and armament activity 
have accelerated demands and 
increased her reliance on foreign 
ores. 
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Anodic Coating of Aluminium 
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stituents of aluminium alloys have 
on anodic coatings. 
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Elastic Properties of Cast Iron 
A new method of measuring the 
deflection of cast-iron test bars 
under transverse loading is de- 
scribed by which measurement of 
deflection under interrupted load- 
ing can be continued to the break- 
ing point of the bar. 
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Recent Developments in Materials, 
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Automatic Control of Gas-fired 
Wire Heat-treatment Furnaces. 
By O. G. Pamely-Evans, B.Sc., 
In this article the author discusses 
some details which should be borne 
in mind when automatically con- 
trolled furnaces are used. 
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FLAME 
HARDENING 
MACHINES 


(Patented) 


Prices on application to: 


SHORTER PROCESS CO. Ltd. 
Savile Street East, Sheffield 4. 


AMSLER 
TESTING MACHINES 


Unequalled for rapid and accurate testing, 
for ease of operation and for low 
maintenance costs 


T. C. HOWDEN & Co., 
5 & 7, Fleet Street, Birmingham, 3 


There is a **HARDENITE”? case-hardening 
compound suitable for any case-hardening 
operation, whether it be a question of uniformity, 
quick penetration, repetition, absence of freckle, or 
rapid case-hardening in the open hearth. 
“*Hardenite” compounds are made solely by 


The 


AMALGAMS Co., Led. 
184, Attercliffe Rd., SHEFFIELD. 


MILFORD HOUSE 
Milford, Nr. Derby 


Telephone: Duffield 2271 


ADVERTISERS’ ANALYSIS 


Imperial Chemical Industries, Ltd. Imperial Chemical House, 
London, 8.W. 


Alloys 
Addalloy Metal Co. Ltd., 14, Park Lane, Sheffield 10. 


Aluminium and its Alloys 
Aluminium Union, Ltd., The Adelphi, Strand, London, W.C. 2. 
_Birmabright Ltd. 
Earle, Bourne & Co., Ltd., Heath Street South, Birmingham. 
High Duty Alloys, Ltd., Trading Estate, Slough. 
Wm. Mills, Ltd., Birmingham. 
Northern Aluminium Co., Ltd., Bush House, London, W.C. 2. 
Priestman, T. J., Ltd., Birmingham. 


Anti-Friction Metals 
Addalloy Metal Ltd., 14, Park Lane, Sheffield, 10. 
Billington & Newton Ltd., Longport. 
Earle Bourne & Co., Ltd., Birmingham. 
McKechnie Bros., Ltd., Rotton Park St., Birmingham. 


Brass and Bronze 
Billingtgn & Newton, Ltd., Longport. 
Clifford, Chas. and Son, Ltd., Birmingham. 
Earle, Bourne & Co., Ltd. Heath Street South, Birmingham. 
1.C.I. Metals Ltd., Birmingham. 
John Holroyd, Ltd., Rochdale. 
Manganese Bronze & Brass Co., Ltd., Handford Works, Ipswich. 
McKechnie Bros., Ltd., Rotton Park St., Birmingham. 


Casehardening Compounds 
Amalgams Co., Ltd., Attercliffe Rd., Sheffield. 
G.W.B. Electric Furnaces, Ltd., Belgrove House, Belgrove 
St., W.C. 1. 
I.C.I. Cassel Cyanide. 
Kasenit Ltd., Holyrood St., Bermondsey St., London, S.E. I. 


Castings (Iron) 
Rudge Littley Ltd., West Bromwich. 
Wallwork, H., and Co., Ltd., Roger St., Manchester. 


Castings (Non-ferrous) 
Birmabright Ltd. 
Magnesium Castings and Products, Ltd., Slough. 
Manganese Bronze & Brass Co. Ltd., Handford Works, Ipswich. 
William Mills, Limited, Grove St., Birmingham. 
Mond Nickel Co., Ltd., Thames House, Millbank, London, S.W. 1. 
Northern Aluminium Co. Ltd., Bush House, Aldwych, London, 
W.C. 2. 
Sterling Metals Ltd., Coventry. 


Co, Recorders 
Honeywell Brown, Ltd., 70, St. Thomas St., London. 
Cambridge Instrument Co., Ltd., 13, Grosvenor Place, London, 
8.W.1. 


Coke-Oven Plant 
Gibbon Bros., Ltd., Albert Rd., Middlesbrough. 


Electrodes 
British Acheson Electrodes, Ltd., Sheffield. 


Extruded Rods and Sections 
Birmabright Ltd. 
Earle Bourne & Co., Ltd., Birmingham. 
McKechnie Bros., Ltd., Rotton Park St., Birmingham. 
Northern Aluminium Co., Ltd., London. 


Fluxes 
Addalloy Metal Co. Ltd., 14, Park Lane, Sheffield 10. 
Imperial Chemical Industries Ltd., Dept. C. 6, Imperial Chemical 
House, London, S.W. 1. 


Forgings 
Northern Aluminium Co., Ltd., London. 


Foundry Preparations 
Addalloy Metal Co. Ltd., 14, Park Lane, Sheffield 10. 
Imperial Chemical Industries Ltd., Dept. C.6, Imperial Chemical 
House, London, 8.W. 1. 
J. W. Jackman & Co., Ltd., Vulean Works, Blackfriars Rd., 
Manchester. 
Thos. Wilkinson & Co., Ltd., Middlesbrough. 


Furnaces (Electric) 

Birmingham Electric Furnaces, Ltd., Erdington, Birmingham. 

Electric Furnace Co., Ltd., 17, Victoria St., London, 8.W. 1. 

General Electric Co., Ltd., Magnet House, Kingsway, W.C. 2. 

G. W. B. Electric Furnaces, Ltd., Belgrove House, Belgrove St., 
London, W.C. 1. 

Metalectric Furnaces Ltd., Cornwall Rd., Smethwick, Birmingham. 

Siemens Schuckert, Ltd., New Bridge Street, London. 

Wild-Barfield Electric Furnaces, Ltd., Elecfurn Works, North 
Rd., London, N. 7. 
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Furnaces (Fuel) 
Brayshaw Furnaces Ltd., Manchester. 
British Furnaces Ltd., Chesterfield. 
Cassel Cyanide Co., Ltd., Room 170F2, Imperial Chemical House, 
London, 8.W. 1. 
Dowson and Mason Gas Plant Co., Ltd., Levenshulme, Manchester. 
Gibbons Brothers, Ltd., Dudley, Worcestershire. 


Furnaces (Fuel) 
Incandescent Heat Co., Cornwall Rd., Smethwick, Birmingham. 


Kasenit Ltd., Holyrood St., Bermondsey St., London, 8.E. 1. 

King, Taudevin & Gregson, Ltd., Sheffield. 

Priest Furnaces Ltd., Albert Road, Middlesbrough. 

Salem Engineering Co., Ltd., London. 

Wellman Smith Owen Engineering Corporation Ltd., Victoria 
Station House, London. 


Fused Blocks 
Imperial Chemical Industries Ltd., Dept. C.6, Imperial Chemical 


House, London, S8.W. 1. 


Gas 
British Commercial Gas Association, Gas Industry House, 1, 


Grosvenor Place, London, 8.W. 1. 


Gears 
Wallwork, Henry, and Co., Ltd., Red Bank, Manchester. 


Shorter Process Co., Ltd., Savile St. East, Sheffield. 


Gun Metal Ingots and Rods 
McKechnie Bros., Ltd., Rotton Park St., Birmingham. 


Hardening Metals 
Shorter Process Co. Ltd., Savile St. East, Sheffield. 


1.C.I. Cassel Cyanide. 


Ingots (Non-Ferrous) 
McKechnie Bros., Ltd., Rotton Park St., Birmingham. 


Ironfounders. 
Joshua Bigwood & Son, Ltd., Wolverhampton. 


Machinery 
Joshua Bigwood & Son, Ltd., Wolverhampton. 


Machine Tools 
Sanderson Brothers and Newbould Ltd., Sheffield. 


Magnesium Alloys 
F. A. Hughes Ltd., London. 
Magnesium Castings, Ltd., Slough. 
Sterling Metals, Ltd., Coventry. 


Magnetic Separators, Clutches, Chucks, and Lifting Magnets 
Electromagnets, Ltd., 48, High St., Erdington, Birmingham. 


General Electric Co. Ltd., London. 


Motors (Electric) 
General Electric Co. Ltd., London. 
Metropolitan-Vickers, Ltd., Trafford Park, Manchester. 


Naval Brass Ingots 
McKechnie Bros. Ltd., Rotton Park St., Birmingham. 


Non-Ferrous Metals 
Birmetals, Ltd. 
Reynolds Tube Co., Tyseley, Birmingham. 
I.C.I. Metals Ltd., Kynoch Works, Witton, Birmingham, 6. 
McKechnie Bros. Ltd., Rotton Park St., Birmingham. 


Pig Iron 
Barrow Hematite Steel Co., Ltd., Barrow-in-Furness. 


Bradley & Foster, Ltd., Darlaston. 


Presses 
Eumuco Ltd., Beverley Works, Willow Ave., Barnes, London, 


13. 


Protection of Metal Parts for Use at High Temperatures 
Calorizing Corporation of Great Britain, Ltd., 32, Farringdon 
St., London, E.C. 4. 


Pulverised Fuel Equipment 
Alfred Herbert Ltd., Coventry. 


Pyrometers 
Cambridge Instrument Co., Ltd., London. 
Electroflo Meters Ltd., Abbey Rd., Park Royal, London, N.W. 1. 
Ether Ltd., Tyburn Rd., Birmingham. 
Integra Co., Ltd., 183, Broad St., Birmingham, 15. 
Metalectric Furnaces Ltd., Cornwall Rd., Smethwick, Birmingham 


Recording Instruments 
Cambridge Instrument Co., Ltd., London. 
Electrofio-Meters Co., Ltd., Abbey Kd., Park Royal, London, 
N.W. 10. 
Ether, Ltd., Tyburn Rd., Birmingham. 
George Kent Ltd., Luton, Beds. 
Integra Co., Ltd., 183, Broad St., Birmingham, 15. 
Metalectric Furnaces Ltd., Cornwall Rd., Smethwick, Birmingham 
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Subscription Form 


METALLURGIA 


To 
THE KENNEDY PRESS, LTD., 


21, ALBION STREET, 
GAYTHORN, MANCHESTER I. 


Please send us "PRAETALLURGIA” 


monthly until countermanded at our 
discretion. 


Invoice @ 12/- half-yearly 


Refractories 
Carborundum Co., Ltd., Trafford Park, Manchester. 
Thos. Marshall and Co., Loxley, near Sheffield. 
Morgan Crucible Co., Ltd., Battersea Church Rd., London, 
S.W. 11. 
John G. Stein & Co., Bonnybridge, Scotland. 


Regulators 
Honeywell Brown Ltd., 70, St. Thomas St., London. 
Cambridge Instrument Co., Ltd., 13, Grosvenor Place London, 


S.W.1. 


Rolling Mills 
General Electric Co. Ltd., London. 


Robertson, W. H. A., and Co., Ltd., Bedford. 


Steels 
Barrow Hematite Steel Co., Ltd., Barrow-in-Furness. 
British Rolling Mills Ltd., Tipton. 
Crofts (Engineers) Ltd., Bradford. 
Daniel Doncaster & Sons, Ltd., Sheffield. 
Darwins, Ltd., Sheffield. 
Dunford & Elliott, Ltd., Sheffield. 
Edgar Allen & Co. Ltd., Sheffield. 
Thos. Firth & John Brown, Ltd., Sheffield. 
English Steel Corporation Ltd., Sheffield. 
Hadfields Ltd., Sheffield. 
Mills, Exors of James Lid., Stockport. 
Sanderson Bros. and Newbould, Ltd., Sheffield. 
United Steel Companies, Ltd., Sheffield. 


Steel Sections 
Barrow Hematite Steel Co., Ltd., Barrow-in-Furness. 


Steel Tubes and Sections 
Reynolds Tube Co., Tyseley, Birmingham. 


Temperature Controllers 
Cambridge Instrument Co., Ltd., London. 
Electroflo-Meters Co. Ltd., Abbey Rd., Park Royal, London. 
Ether, Ltd., Tyburn Rd., Birmingham. 
Integra Co., Ltd., 183, Broad St., Birmingham, 15. 
George Kent, Ltd., Luton. 


Testing Machines 
Howden, T. C., and Co., 517, Fleet Street, Birmingham. 


Vitreosil Combustion Tube 
Thermal Syndicate, Ltd., Wallsend-on-Tyne. 


Griffin, Chas. & Co., Ltd. . 


Wild-Barfield, Ltd. 
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Free from the limitations of language—illustrations tell their story in every country. 
An advertising or sales promotion campaign without illustrations does only a 
partial job of selling. Good photographs, good drawings, along with effectively 
engraved blocks provide the necessary interest to future clients 


Upon request one of our principals will be pleased to call upon you and explain 


the manifold advantages of our service 


PHOTO PROCESS ENGRAVERS 
HIGH-CLASS THREE-COLOUR BLOCKS 
ARTISTS AND DESIGNERS 
COMMERCIAL PHOTOGRAPHERS 


WILSON = HUDSON. 


36 YOUNC ST QUAY ST MANCHESTER.S 
Telephone: BLAckfriars 4291/2 
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Continuous Sueceess ... 
Heating Economics .. . 


Modern design, robust construction, economical working, and close control 
of temperatures and atmosphere are leading features of Priest Furnaces. 
The illustration shows one of many furnaces recently installed in Industrial 
Plants of the most modern type; in all cases with satisfactory results. 


LONGLANDS : MIDDLESBROUGH 


Manchester, by Percy Brothers Limited 


Printed for the Proprietors, The Kennedy Press, Limited, 21, Albion Street, Gaythorn, 
Hotspur Press, Manchester; and London. 
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+ YPICAL combined Double Worm and Spur Drive for 
% steel works plant. Ratio of reduction 2160/1 with speed 


BEST WORM 4GEAR 


Completely enclosed, Dust-Proof and Oil immersed, 


impervious to dirt, moisture, acid fumes, or other 


unfavourable operating conditions. 


variation by P.I.V. infinitely variable speed gear to 6480/I 
total ratio. 


Worm Reduction Gears are carefully constructed and 


rigidly tested. Conservative rating enables them to : 

allwork withstand heavy over-loads and provide a smooth ; 

even drive with large reduction ratios. 
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